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ANASTHESIA ADVERTISEMENT 


for disinfecting 
anaesthetic equipment 


‘*Chlorhexidine is regarded as the most suitable 


disinfectant for anaesthetic equipment.”’ 
Brit. J. Anaesth. 1959, 31, 363. 


1. Immersion for half an hour in 1 in 1,000 aqueous solution 
achieves a bacteriologically safe disinfection of equipment 
such as airways, face masks, endotracheal tubes, etc. 


A 1 in 5,000 aqueous or alcoholic solution may be used 
for the sterile storage of instruments, catheters, etc. in 
the theatre. 


3. Emergency disinfection of instruments is achieved by 
immersing them in 0.5% ‘Hibitane’ in 70% spirit for one 
or two minutes. 


Hibitane 


TRADE MARK 
(chlorhexidine) 


IMPERIAL CHEMICAL INDUSTRIES LIMITED 
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ADVERTISEMENT ANASTHESIA 


LIGNOCAINE Local Anaesthetics 
RAPID - DEEP - CERTAIN - LASTING - SAFE 


XYLOTOX 
Solutions 


For major and 
minor surgery. 

4%, 1% and 2% 
solutions, plain or 
with adrenaline, in 20, 
50, 250, and 500 ml. 
bottles. 


Forsurface anaesthesia 


of the mucosa. 4% 
solution, plain or 
with adrenaline, 
in 25 ml. bottles. 


XYLOTOX 
Pastes 


For truly efficient 
surface anaesthesia 
of the mucosa. 


XYLOTOX-NORMAL 


(without 
amethocaine). 
XYLOTOX-EXTRA 


Full details upon request from :— 


XYLOTOX 


Jelly 

For effective ureth- 
ral and vaginal 
anaesthesia. 

For surgery use: 
15G. and 30G. tubes 
with applicators. 
For instrument 
lubrication: Boxes of 
12 x 1.5G. Tubes. 


XYLOTOX 
Oral 


For quick, simple 
surface anaesthesia 
of the upper 
digestive tract. 

A viscous, 
pleasantly-flavoured 
product. 200 ml. 
bottles. 


The Local Anaesthetic Specialists 


EPSOM - SURREY 


| 
amethocaine). 
40z. tubes. 
PHARMACEUTICAL MANUFACTURING COMPANY 
A division of WHLOWS FRANCIS LIMITED EPSOM AND LONDON 
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Sofnol non-hygroscopic Soda-lime is used in leading London 


Hospitals and throughout the world for anaesthetic 
and metabolic apparatus. 


SOFNOL 


NON-HYGROSCOPIC 
SODA-LIME 


SOFMOL LTD., WESTCOMBE HILL, GREENWICH, LONDON, $.E.16 


TAS/SL.324 


ADVERTISEMENT 


ANASTHESIA 


(Model P11) 


BLEASE OF LONDON 


PRESENTS 


THE LATEST 


Incorporating— 


® Positive and negative phases, anesthesia on all circuits, patient 
triggering and resuscitation using atmospheric air. 


®@ This model having two “heads” enables an immediate change 
over to any circuit, by movement of one control. 


® Triggering device can be used with a variable negative phase. 
® Cycling of inflation by “pressure” and “volume”. 
@ Large capacity pump unit with a variable control to 

ensure normal/rapid rate of inflation. 


BLEASE ANASSTHETIC EQUIPMENT LTD. 


Makers and Suppliers of Mechanical Respirators, Resuscitation Apparatus, 
“Trilene” Inhalers, Gordh Needles, Blood Pressure Apparatus, Anzsthetic Apparatus, etc. 


RYEFIELD CRESCENT, NORTHWOOD HILLS, MIDDLESEX 


Tel.: NORTHWOOD 2413 


ALL PURPOSE ‘PULMOFLATOR’ 


(REGD ) 
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ANZASTHESIA ADVERTISEMENT 


announcing 


NARPHEN-- 


PHENAZOCINE (NIH 7519) 


new synthetic analgesic more powerful than — 


NARPHEN is chemically 2'-hydroxy-5,9-dimethyl-2-phenethyl-6,7-benzomorphan ; 
‘Approved Name’ is phenazocine. 


NARPHEN isa quick-acting and potent analgesic that is more — than morphine 
and pethidine. Early reports show that Narphen is 3 to 10 times more 
effective an analgesic than morphine. 


NARPHEN produces less respiratory depression, less hypotension, and less nausea and 
vomiting than morphine. 


NARPHEN appears to produce addiction more slowly than morphine and the effects of 
withdrawal are less intense. 


NARPHEN is available in boxes of 10 and 100 ampoules each containing 2 mg. per 
1 mi. ampoule. 


NARPHEN is subject to the Dangerous Drugs Regulations 


Smith & Nephew Pharmaceuticals Limited 
WELWYN GARDEN CITY - HERTFORDSHIRE 
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ADVERTISEMENT 


ANASTHESIA 


“NEOTHYEL” 


Brand of METHYL N-PROPYL ETHER 


The New Inhalation Anaesthetic 


Neothyl offers many advantages over diethyl ether; it is 
pleasant to the patient, has a short induction time, is more 
potent than ether and recovery is rapid with few post- 
anesthetic complications. 


Moreover, Neothyl does not irritate the respiratory 
epithelium. 


It is particularly recommended for use immediately after 
thiopentone in the sequence thiopentone, nitrous oxide — 
oxygen and ether, to avoid the coughing which occurs 
when the change is made to nitrous oxide - oxygen and 
ether direct. 


Literature and Samples are available on request 


J. F. MACFARLAN & Co. Ltd. 


Established 1780 


109 Abbeyhill 8 Elstree Way 
Edinburgh, 8 Boreham Wood, Herts 
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ADVERTISEMENT ANASTHESIA 


Barbiturates have now been made by May & Baker Ltd. 

for thirty-six years. The illustration opposite shows part of the 
modern plant used in the manufacture of this important 

class of compounds. One of the barbiturates of 

particular interest to anaesthetists is the widely used 
intravenous agent ‘Intraval’. It is rapidly soluble and is 
available in a variety of presentations for the 


convenient preparation of 2-5 and 5 per cent solutions. 


trode midrk 


INTRAVAL 


THIOPER 


An M&B brand Medical Product 


MANUFACTURED BY 


MAY & BAKER LTD 


SPECIALITIES (MAY & BAKER) LTD * DAGENHAM 
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ANZASTHESIA ADVERTISEMENT 


TAY 


ALLEN 6 


& HANBURYS LTD 


— 


introduce 
THE SEALEY Portable 


DEFIBRILLATOR 


—ready for immediate use 
in cardiac emergencies 


DESCRIPTIVE LITERATURE 
AVAILABLE ON REQUEST 


NOTE: This Portable Defibrillator is only 
one of a comprehensive range of Sealey Electrical 
Cardiac Resuscitation Apparatus, including 
internal and external defibrillators and cardiac 
pacemakers. 


SOLE WORLD O'STRIABUTORS 
ALLEN & HANBURY S LTD  (Surgicol Divisior) LONDON E2 
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ADVERTISEMENT ANZASTHESIA 


RB. Pulse Indicator mx. 


4 PORTABLE 
BATTERY OPERATED 
4 INDICATIONS BY METER & PILOT LAMP 


The AB. Pulse Indicator Mk.! is an inexpensive instrument, 
giving visual indications of pulse rates by means of a sensitive 
microphone attached to finger by adjustable strap. Indications 
are by meter, and pilot lamp for dark room conditions. Changes 
in the peripheral circulation can be easily observed. 


FOR FULL SPECIFICATION & FURTHER INFORMATION, 
WRITE TO THE DISTRIBUTORS :- 


CENTRAL ELECTRIC (ORPINGTON) LTD. 
314 HIGH STREET 
ORPINGTON 
KENT 
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ANZASTHESIA ADVERTISEMENT 


MORTIMER RESPIRATOR 
(Mk Il) 

NOW AVAILABLE AT - - £49-10-0 
Further particulars from 
COVENTRY & JEFFS 
(Engineering Department) 

STAFFORD ST., BEDMINSTER, BRISTOL, 3 
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ADVERTISEMENT ANASTHESIA 


CYPRANE 


specialise in 
PRECISION ANAESTHETIC APPARATUS 


The present standard products are as follows:— 


® CALIBRATED VAPORIZERS for volatile anaesthetic agents. 


FLUOTEC .... .... for Fluothane” 

(standard range 0.5%—4%). 
TRITEC ... for “Trilene” 

(standard range 0.5 °,—1.5%). 
CHLOROTEC es .... for Chloroform 

(standard range 0.5%—5.0% ). 
AZEOTEC ..... for the azeotropic mixture of 


“Fluothane” with ether. 


® TECOTA MARK 6 INHALER for analgesia set to give 0.5% 
“Trilene” in air and approved for 
use by Midwives. 

@ THE CYPRANE INHALER ...._ for “Trilene” analgesia in midwifery 
and minor surgery. 


@ A.E. GAS-OXYGEN Apparatus for the administration of nitrous 
oxide/oxygen (range 0—100% ) in 
Dental and General anaesthesia. 


CYPRANE LIMITED 


HAWORTH, KEIGHLEY, YORKSHIRE 
(Telephone: Haworth 3286) 


“Trilene” and “ Fluothane” are the registered trade marks of Imperial Chemical Industries Lid., 
and “ Vinesthene”™ is that of May and Baker Ltd. 
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ANASTHESIA ADVERTISEMENT 


troph enium 


phenactropinium chloride 


an agent for the production of controlled hypotension during 
general anaesthesia, providing ganglion blockade without 
direct vasodilator action. This original product of the Duncan 
Flockhart Research Laboratories is now available in the new, 
more convenient, pack of 20 ml. (1,000 mg.) in a box of 6 
injection-type vials. 

References: “The use of a homatropinium derivative to 
produce controlled hypotension”. Brit. J. Anaesth, 29, 342. 
“Comparison of two hypotensive agents”, Anaesthesia, 14, 53. 
“The use of Fluothane and Trophenium in anaesthesia for 
the surgery of deafness’, Scot. Med. J., 3, 496. 


DUNCAN FLOCKHART OF EDINBURGH 


The Doctors’ House 


Duncan, Flockhart & Co, Ltd., Edinburgh 11 atr 274m 
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Designed for routine 


monitoring of cardiac traces 


Can be safely used in the 


presence of explosive gases 


MEDICAL & INDUSTRIAL EQUIPMENT LTD. 


SPECIALISTS IN ANAESTHETIC AND RESPIRATORY APPARATUS 
10 & 12, NEW CAVENDISH STREET, LONDON, W.I. 
Telephone: WELBECK 185! & 1504. Telegrams: NARCOSIS, LONDON. 


MANCHESTER: 152-154 Oxford Road @ TORONTO, CANADA: 83-85 Grenville Street 
Phone: Ardwick 5906 Phone: Walnut 3-3845 
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ANASTHESIA ADVERTISEMENT 


‘Fluothane’ in Prostatectomy 


‘FLUOTHANE anaesthesia provides 
excellent conditions for patients 
undergoing prostatectomy, and has 
the important advantage that there 
is a significant saving of blood loss 
both during and after the operation. 

Other notable features of 
‘Fluothane’ are to be found in a 
smooth, rapid induction, quiet and 


The I1.C.I. Film “Prostatectomy under 
Fluothane’’ shows the operation in pro- 
gress. The film is 16 mm. colour, 11 minutes 
running time, cat. No. M42 and may be 


» borrowed for showing to suitable audiences. 


easy respiration without laryngeal 
or bronchial irritation, protection 
from surgical shock and an unevent- 
ful recovery. 

With these valuable attributes, 
‘Fluothane’ is considered by many 
authorities to be especially useful for 
anaesthesia in elderly, bronchitic and 
poor-risk cases. 


Fluothane- I.C.I discovery 


(Halothane B.P.C.) 


equipment.’ 


“Chlorhexidine is regarded as the most suitable disinfectant for anaesthetic 


Chlorhexidine is an I.C.I. discovery available only under the trade mark HIBITANE. 


Brit. J. Anaesthesia (1959), 31,363 


IMPERIAL CHEMICAL INDUSTRIES LIMITED 
WILMSLOW CHESHIRE 
Ph.2 


PHARMACEUTICALS DIVISION 
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EDITORIAL 


The Association of Anesthetists of Great Britain and Ireland 
was founded in 1932 and its first object was ‘to promote the 
development and study of anesthetics and their administra- 
tion’. Owing to very limited resources, little could be done to 
foster research before the last war, but in 1944 the British 
Oxygen Company offered to finance a research scholarship in 
anesthesia and the Ciba Foundation also gave a donation. 
Since that date many other donors have given generous sums. 
It thus became possible to appoint three Research Fellows 
during the next few years. 

In 1949 a committee was set up to investigate deaths 
associated with anesthesia and this has since issued several 
valuable reports which have been extensively quoted in this 
and many other countries. In 1951 it was decided to dis- 
continue the award of research fellowships and a committee 
was appointed to consider applications for travel grants in 
connection with approved research projects and to meet the 
cost of apparatus and technical assistance. In 1955 a 
Research Trust Fund was inaugurated so that there should 
be no liability for income tax on investments held by the 
Trust and in the following year an investigation was made 
into the use of heroin by anesthetists. In 1959 a second Trust 
named the ‘Research and Education Trust Fund’ was set up 
in order that grants might be awarded for a wider variety of 
purposes than was possible under the terms of the first deed. 

The present position is as follows. The Council of the 
Association will be pleased to consider applications from 
Fellows and Members needing financial assistance for 
educational or research purposes. Applicants for travel 
grants should state the objects of their proposed visits and 
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submit detailed itineraries. Applicants for grants for research 
should state not only the objects of their investigations but 
also their proposed methods of experimentation. In all cases 
applicants should provide evidence that they have been 
unable to procure any or all of the necessary assistance from 
local sources. Any apparatus acquired through this fund 
remains the property of the Association and must be made 
available for the use of other Fellows or Members if 
subsequently required. 
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On the efficiency of intra-gastric oxygen 
E. A. COOPER, MA, PhD, MB, BChir, FFARCS 
HYLTON SMITH, BSc 
E. A. PASK, OBE, MD, MA, BChir, FFARCS 


Department of Anesthetics, The Medical School 
King’s College, University of Durham 
Newcastle upon Tyne 


The introduction of oxygen by catheter into the stomach and intestine 
of neonates! is widely used in Britain in the treatment of anoxia. 
It is difficult to assess the value of the manceuvre since only a small 
proportion of babies are in need of resuscitation and many of these 
cannot be saved by any means. There is no published report of a 
series large enough for valid assessment2. It is also difficult in clinical 
circumstances to discern the efficiency of oxygen uptake from stomach 
and intestines, since the procedure incidentally results in filling of the 
oro- and nasopharynx with oxygen. Thus, any air which can come 
into effective contact with alveolar membrane is enriched in oxygen 
and apparent benefit may result from this, rather than from intestinal 
absorption. Furthermore, the procedure must cause sensory stimula- 
tion toward respiration. James et al? have reported a case in which 
the arterial oxygen saturation fell catastrophically during adminis- 
tration of intragastric oxygen, but immediately rose to normal on 
administration via the trachea. 

The evidence of uptake of oxygen from the intestines of animals is 
limited. McIver et a/® showed that in normally breathing adult cats, 
an uptake of about 0.2ml of oxygen per minute was possible from a 
12in length of small intestine, but that stomach and colon absorbed 
at only half this rate. They drew attention to their finding and that of 
Boycott} that a large proportion of the oxygen absorbed was utilised 
by the intestinal wall. No quantitative data has been found on the rate 
of passage from the lumen of the gut to the mesenteric blood under 
conditions of severe anoxia. 
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We have carried out animal experiments to determine whether the 
introduction of oxygen into the gastro-intestinal tract results in 
effective transfer to the systemic circulation. All experiments have 
fallen into one of three distinct groups. (A) The evidence for benefit 
has been measured solely in terms of length of survival of the animal 
under severe anoxia, with no oxygen measurements. (B) The evidence 
of benefit has been sought in measurements of the oxygen content of 
blood. (Cc) Evidence has been directly sought of loss of oxygen from 
the intestinal tract. 


METHOD 


General 


Though adult rats, cats and rabbits have been used for pilot experi- 
ments to establish techniques, almost all evidential experiments have 
been made on newborn kittens within three days of birth and 
weighing between 85 and 150g. 

The kittens were necessarily fully anesthetised with intraperitoneal 
nembutal. Inspection of the vessels of the stomach and intestines 
always showed a very active blood circulation in visible vessels and 
since the passage of oxygen is presumed to be largely a physical 
process, it is likely that anesthesia would not seriously affect it. 
However, we are not in a position to prove that abnormalities of the 
microscopic circulation were absent. 

The blood pressure was recorded and measured by a capacitance 
manometer connected to a catheter in one carotid artery. The animals 
were tracheotomised and usually maintained on artificial ventilation 
during periods between experiments. It was found that when oxygen 
was passed by catheter into the stomach of the kittens, it did not 
usually pass on into the intestines. Accordingly, a small laparotomy 
was always made and complete filling of the intestines was established, 
if necessary, by introducing the gas through a fine hypodermic needle. 
Excessive distension of the intestine was avoided, since this might 
interfere with blood flow. For brevity, this procedure will henceforth 
be designated ‘1Go’. 


EXPERIMENTS ce 

(A) Survival of animals © 
(1) Acute deterioration to severe circulatory failure 
With the lungs in exhalation, the trachea was occluded. Provided that ‘ 
the animal had been well ventilated with air prior to occlusion and e 
that anesthesia was sufficiently deep, respiratory attempts did not a 
occur, except terminally. Blood pressure records showed a period of 
hypertension, subsiding gradually, with a final rather rapid collapse, de 
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marked slowing of the pulse and frequently an apparent heart block. 
If, at this stage, artificial respiration was given, the animals almost 
invariably recovered. Typical recordings of blood pressure during 
sucha train of events are shown i FIG. 1. After recovery, the procedure 
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FIG. 1. Serial 


recordings of blood 
pressure of a kitten 
during anoxia and 
recovery. A-E is a 


complete record of | Mduiidiee 

trachea at the 
beginning of a. 
Oxygen was intro- 
duced into the lungs 
at the beginning of E. 
(The length ofeach © 
strip corresponds to 
30 sec, and its 
vertical height 
represents 100mm 
Hg.) 


D 


E 


could be repeated using 1G0. It was also possible to perform the 
experiment with 1GO first, then to wash the intestines repeatedly with 
nitrogen; a sample of gas withdrawn from the intestines being 
analysed to establish the absence of oxygen. The first period of survival 
was almost always the longest, but, no matter in what order trials 
were done, the presence of 1GO made little or no difference to the time 
which elapsed between tracheal occlusion and critical collapse. The 
actual times of survival varied a good deal from kitten to kitten, 
depending mainly upon age. 
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It was striking that the introduction of 3ml of air into the lungs 
every two minutes sufficed for prolonged cardiovascular survival, 
observations being made for periods of up to one hour. 

In some animals, 1GO was introduced for the first time during the 
circulatory crisis. In a small proportion, some slight temporary 
improvement occurred in the blood pressure. Similar reactions could, 
however, be as frequently produced by any manipulation of the guts, 
such as milking movements, introduction of nitrogen, or even removal 
of 1G0. We are not in a position to define the mechanism of this 
reaction but suggest that it may have been due to emptying of blood 
from the splanchnic bed. 

From all the above early experiments, it was concluded that : 

(a) 1GO made little or no difference to the survival time of newborn 
kittens acutely deprived of pulmonary oxygen intake. 

(6) Small amounts of oxygen introduced into the lungs could 
prolong the survival of the cardiovascular system for long periods. 
It therefore seemed reasonable to attempt similar experiments on a 
quantitative basis. 


(2) Prolonged survival with minimum oxygen intake 


Kittens were caused to rebreathe through sodalime into a 20ml bag 
containing nitrogen. As in the previous experiments, when the anoxia 
became severe, they showed a fairly rapid collapse of the blood 
pressure, usually with sudden slowing of the pulse. At this point, 
Iml of oxygen was introduced into the closed respiratory system. The 
animal revived, later to deteriorate again to a state of critical collapse, 
at which time a further I ml of oxygen was introduced. With experience, 
the procedure could be continued for long periods, the animal being 
thus maintained with an oxygen intake just sufficient to ward off total 
cardiovascular collapse. It was again found that the first period of 
survival was longer than any other. This was partly due to the difficulty 
in suddenly removing all oxygen from the respiratory circuit and the 
kitten’s lungs and partly due to the ability of the newborn to tolerate 
initial anoxiaS. Consequently, the experiment was always timed as 
starting from the moment at which the first dose of Iml of oxygen was 
given. 

It was mentioned above that in the early experiments manipulation 
of the gut appeared at times to have some beneficial effect on the 
circulatory system. It was therefore decided to include in this series of 
experiments three ‘states’ of the gastro-intestinal tract ; normal, with 
no added gas ; 1G0 as defined above ; and IGN, in which the routine 
was as for 1GO but nitrogen, purified by passage through alkaline 
pyrogallol, was used as the filling gas. These intestinal ‘states’, 
normal, 1GO, or IGN, could be produced in any and varying order. 
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O normal @ iGO 


Survival time in seconds 


2 @ 6 9 12 iS 
Oxygen given ml 


FIG. 2 Survival time of a kitten with different intestinal ‘states’. The total 
survival time is plotted against the total quantity of oxygen introduced into the 
lungs in serial doses of Iml. 


Each was maintained through five serial incidents of cardiovascular 
collapse and resuscitation by means of Iml of oxygen. A typical 
experiment is recorded in FIG. 2. The total time of survival is plotted 
against the total quantity of oxygen introduced into the lungs. The 
kitten started with the normal intestinal ‘state’, then 1GO, then IGN, 
and died during the last minute of this. There was no obvious benefit 
from 1Go. A total of ten kittens survived ten or more serial anoxic 
incidents. Since they varied in weight, it was difficult to compare the 
results quantitatively. Therefore, the actual survival times have been 
re-expressed as survival time per 100g kitten per Sml oxygen. A 
further difficulty arose in that a particular intestinal ‘state’ might be 
produced in either the first, second or third period of an experiment ; 
a period being the time interval during which 5 x I ml doses of oxygen 
were needed to keep the animal alive. The condition of the animals 
deteriorated during the experiment. Thus any intestinal ‘state’ 
produced in an early period would seem to be associated with better 
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survival than any intestinal ‘state’ in a late period. To compensate for 
this, the mean survival time per 100g per Sml oxygen was calculated 
for all kittens during all first and second periods. This was designated 
100. The individual survival times were then expressed as a percentage 


O normal @ iGO A IGN 
130 + 
° 
A 
120 ¢ 
Nor 
4 
E 
109} 
z 4 
90F e 
4 
80 * 
70 
Ist 2nd 3rd 
Periods 


FIG. 3 Comparison of the standardised survival times of 10 kittens in three 
periods of different, successive, intestinal ‘states’. The horizontal lines represent 
the mean times for all the kittens which survived that period. 


of this. In F1G. 3 they are set out in three columns, for the first, second 
and third periods. The intestinal ‘state’ associated with each experi- 
mental result is indicated by a symbol. The horizontal line in each 
column represents the mean time for all survivors in that period. It is 
apparent that the points for the normal, 0, and 1GO, @, correspond 
very closely. It cannot be said, within the limits of experimental 
accuracy that significantly longer survival arose from any of the 
three intestinal ‘states’, but it is of interest that IGN, A, appears to 
have been not inferior to 1GO. 
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These experiments strongly suggest that the presence of 1GO does 
not reduce the amount of oxygen which must be put into the lungs in 
order just to secure cardiovascular survival. Calculations from the 
mean standardised survival time also indicate that the bare survival 
of the cardiovascular system of the newborn kittens required approxi- 
mately 0.20ml of oxygen per minute per 100g of kitten. This estimate 
is in excellent agreement with the finding in the preliminary experiment 
that 3ml of air each two minutes sufficed for cardiovascular survival, 
an oxygen intake of 0.25ml per min. 


(3) Resuscitation after near or complete cardiac arrest 


On occasions, when a kitten has survived the experimental procedures, 
we have allowed the anoxia to proceed to the stage of cardiac arrest or 


FIG. 4 Recordings of blood pressure of a kitten during anoxia and recovery. 
(a) Healthy kitten ; trachea occluded at arrow. (B) 3rd minute ; circulatory failure ; 
1GO introduced at arrow. (c) 4th minute; cardiac arrest, confirmed at 
thoracotomy ; cardiac massage between first two arrows; persistent cardiac 
arrest, confirmed visually; oxygen introduced into lungs at third arrow. 
(p) 6th minute; cardiac arrest persists; cardiac massage between arrows; 
spontaneous cardiac action established, confirmed visually. The dots show the 
times of the first few beats. (£) 12th minute; marked circulatory improvement 
but severe bradycardia. (F) 14th minute; reversion to normal cardiac rhythm. 
(Scale: 1 short strip=30sec ; vertical height = 100mm Hg.) 
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nearly so and have then administered 1GO0. We have never seen 
improvement result from this, nor have we ever been able to re- 
establish heart beats after arrest has taken place, even by transthoracic 
cardiac massage. This is in distinction from our experience when 
oxygen was introduced into the lungs. FIG. 4 shows blood pressure 
recordings from one of these kittens. A healthy animal was rendered 
anoxic until the circulatory state was very bad. At this stage, 1GO was 
given but no benefit resulted and cardiac arrest soon supervened, 
confirmed by direct inspection. Cardiac massage did not start the 
heart again. Ventilation of the lungs with oxygen was then carried out 
but the arrest persisted until further cardiac massage. Spontaneous 
heart beats then returned and a few minutes later the cardiovascular 
function appeared almost normal. 

All these experiments in section (A) led us to the conclusion that, 
in terms of the survival of the cardiovascular system of newborn 
kittens we were unable to detect any benefit derivable from the use of 
1GO. 


(B) Direct evidence of increase in the oxygen content of blood 
(1) The oxygen saturation of arterial blood samples 


Initially, we tried to follow the fall in arterial oxygenation which 
occurs after tracheal occlusion. On several occasions we drew 
consecutive blood samples every minute, but the fall in oxygen satura- 
tion is at first so rapid, that errors in timing the samples become 
serious ; furthermore, the animal’s blood volume is very small and 
withdrawal of so much blood may injure it. Accordingly, we carried 
out experiments in which (either with or without 1GO) the trachea was 
occluded and the animal allowed to deteriorate until the moment of 
critical collapse. An arterial sample was then taken and its timing 
noted. The kitten was resuscitated and the trachea clamped (either 
without or with 1GO) and if the animal survived so long, an arterial 
sample was drawn at precisely the same time after tracheal occlusion 
as in the first trial. The results of seven completed experiments on six 
kittens are shown in TABLE 1. There is no evidence that a significant 
improvement of arterial saturation resulted from 1GO. 


Table 1 
Arterial oxygen saturation in anoxic kittens with and without 1Go 
% SATURATION OF ARTERIAL BLOOD 
SERIAL NUMBER DURATION OF 
OF KITTEN NORMAL INTESTINAL ‘STATE’ iGO ASPHYXIA (MIN) 


1 28.0 29.0 4 
2 28.0 26.8 34 
are 3 13.5 11.5 3 
eta 4 16.0 19.0 3 € 
Bae. 5 21.8 18.7 3 ( 
ae 24.8 25.8 3 t 
a 6 17.8 22.0 3 ‘ 
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(2) Oxygen tension of aortic blood, determined by an oxygen 
electrode in situ 


A bare platinum electrode 5mm long, 28swg otherwise insulated with 
nylon, was introduced into the aorta by one common iliac artery and 
fixed securely. A calomel half-cell was placed in the animal’s mouth 
and the current flow at —0.5 volts was measured. We have not 
calibrated this electrode system absolutely in vivo; though this has 
been done in vitro. The system has been shown to be indifferent to 
changes in sodium, potassium and calcium ionic concentration and to 
the rate of blood flow within the physiological range. The oxygen 
partial pressure figures assigned to the galvanometer readings are 
based upon the assumption that the response of the electrode in vivo 
is linear ; an assumption which we know to be approximately correct. 


sO 


FIG. 5 Recording of blood pressure and response of intra-arterial oxygen 
electrode in a kitten during anoxia and recovery. (A) Normal intestinal ‘state’. 
(B) 1GO. Upper tracing, blood pressure, calibration 0-SOmm Hg. Middle 
tracing, response of oxygen electrode, calibration pO2z 0-100mm Hg. Lower 
tracing, time marker. Each strip is equivalent to 55sec. R =artificial respiration. 
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The slight error arising from this assumption is not of importance, 
since it is systematic and the arguments depend on simple comparison 
of the output of the electrical system under like conditions rather than 
on its interpretation as an absolute value of oxygen tension. Fic. 5 
shows two typical responses of the blood pressure and oxygen 
electrode as an animal reaches a state of critical collapse after tracheal 
occlusion with and without 1GoO and is then resuscitated by introducing 
air into the lungs. The results of many experiments on five new- 
born kittens are shown in TABLE 2. The mean pO; of aortic blood of 


Table 2 


Arterial pO: in kittens during development of anoxia in various intestinal ‘states’ 
pO: ARTERIAL BLOOD (MM Hg) 


TIME (SEC) 0 60 120 180 

Normal intestinal ‘state’ 87 52 29 19 

(mean of 14) (mean of 11) 
1GO 86 58 28 19 

(mean of 14) (mean of 9) 
IGN 90 64 34 

(mean of 7) (mean of 4) 


all the kittens in that particular ‘state’ is shown at intervals of one 
minute during progressive anoxia. The trachea was occluded at zero 
time. The values for the normal state are derived from fourteen runs. 
All the animals survived the anoxia during the first two minutes but 
three were resuscitated during the third. The 1Go figures were also” 
obtained in fourteen runs on the same five kittens. Again, all survived 
into the third minute but five were resuscitated before the final reading 
was obtained. Seven runs were also carried out on the same five kittens 
with IGN. All passed into the third minute but three runs were stopped 
before the final reading. It is clear that, insofar as mean values derived 
in this way are valid, 1Go did not cause a significant rise in the arterial 
pO2. However, lest this means of assessment has obscured benefit to 
any individual, the values for normal and 1GO are again compared in 
FIG. 6. Arterial pO> is plotted against time. The lines join the upper 
and lower limits of pO2 at intervals of fifteen seconds for all the 
normal experiments. The solid circles represent all measurements 
made during 1Go. Of sixty-five 1GO points, all but three lie within the 
range of the normals. No point lies above. This means that throughout 
the fourteen comparable runs of normal and 1GO, never at any time 
did an 1Go kitten have a higher arterial pO2 than the best normal. 

It was concluded from the above experiments that no significant 
quantity of oxygen passed from the gastro-intestinal tract to the 
systemic arterial blood. But this does not exclude the possibility of 
oxygen having been absorbed from the gut, since some or all of the 
mesenteric vein blood passes via the portal system to the liver. It is 
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FIG. 6 Changes in arterial oxygen tensions during anoxia. Comparison between 
normal and 1G0 ‘states’ in five kittens. 


reasonable to assume that in severe anoxia, the liver will tend to strip 
the portal vein blood of its oxygen content. It therefore seemed 
necessary to try to investigate the oxygenation of venous blood 
draining from the gut in the presence of 1Go. 


(3) Oxygen saturation of mesenteric venous blood 


In early experiments we analysed specimens of blood drawn simulta- 
neously from the carotid artery and from the mesenteric veins in 
anoxic kittens receiving 1GO. In a small series, we did not demonstrate 
a significant difference in the oxygen saturation of the bloods from the 
two sites. We also attempted to obtain samples from mesenteric veins 
draining loops of intestine with 1GO, to compare with blood draining 
from intestinal loops without 1Go. Even though we used a method of 
analysis requiring only 0.1ml of blood, it was very difficult to secure 
technically satisfactory specimens. In only one newborn kitten did we 


‘ 
100 
in eo : 
5 90} 
n % 
al 4 
1g ° oe 
of 
ee 

50 

e 
ee 

5. 10 e e e 


222 ANASTHESIA 


manage to obtain adequate samples, exactly simultaneously and 
satisfactorily anerobically. These samples showed that the blood 
coming from the oxygenated loop was more saturated by 10 per cent. 
We have been unwilling to seek quantitative data from experiments on 
adult animals, owing to the possible physiological differences between 
them and the newborn. But we were not able to continue this series of 
experiments and, rather than abandon it entirely, had recourse to two 
like experiments on adult cats. These showed gains of oxygen 
saturation of 9 and 14 per cent due to oxygen in the lumen of the gut. 
It therefore seemed reasonable to conclude that, in severely anoxic 
kittens, the mesenteric venous blood might be about 10 per cent more 
saturated with oxygen during treatment with 1Go. If one assumes that 
15 per cent of the cardiac output flows to the gastro-intestinal tract 
and also assumes that no oxygen is removed by the anoxic liver cells, 
then this oxygen uptake might account for an increase of about 14 per 
cent in the arterial oxygen saturation. Our various methods of 
examination are not sufficiently sensitive to reveal such small 
differences, even if they do occur. 

It therefore seemed necessary as a final experiment to endeavour to 
measure the loss of oxygen from the lumen of the intestine which 
could be attributed to absorption into the mesenteric blood. 


(Cc) Measurements of the loss of oxygen from the lumen of the 
intestine 


(1) Use of a solution of hemoglobin as the source of oxygen. 


A length of intestine, approximately 12in, was isolated without 
interfering with its blood supply and was thoroughly washed internally 
with warm saline. A solution of hemoglobin 3 per cent in normal 
saline® was fully aerated and an accurate quantity (2-4ml) was 
introduced into the lumen of the intestine. The hemoglobin provided 
a relatively large source of oxygen for possible absorption from the 
saline and also a convenient indicator of oxygen content within the 
saline in the intestines, since its oxygen dissociation curve had 
previously been determined in vitro. 

The solution within the intestines was mixed by gentle kneading at 
intervals throughout the experiment. The animals were reduced to the 
limit of anoxia consistent with cardiovascular survival by the procedure 
already described under section (A) (2). Samples of the hemoglobin 
solution were removed at intervals and the residual oxyhemoglobin 
was determined spectrophotometrically, using 1mm cells at a wave- 
length of 650 millimicrons. From these results, the rate of loss of 
oxygen from the intestine could be calculated. After twenty to twenty- 
five minutes of this procedure, the animals were resuscitated, the 
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intestine was washed out, fresh hemoglobin solution was introduced 
and the blood supply to the gut was occluded. The procedure was then 
repeated as before. In experiments on ten kittens the loss of oxygen 
from the intestinal fluid during the first ten minutes with the circula- 
tion intact, was of the order of S5—6yl per minute per 12in of 
intestine, but most of this loss still occurred when the intestine had no 
blood supply. Indeed, the additional loss when the blood was 
circulating was no more than Iyl per minute per 12in of intestine. 
However, although these experiments allow a large storage of 
available oxygen in the gut, they are not equivalent to 1GO since the 
oxygen gradient between the hemoglobin solution and the anoxic 
blood of the mesenteric circulation is unlikely ever to have been 
greater than about 80mm Hg. We estimate from the saturation at the 
beginning and end of the ten-minute period, that the mean oxygen 
gradient was of the order of 60mm Hg. This is not more than one- 
tenth of that available when the lumen of the intestine is full of 
gaseous oxygen. It was therefore decided to endeavour to follow the 
oxygen uptake from fully oxygenated saline in a similar experiment. 


(2) Use of oxygenated saline as a source of oxygen 


Six kittens were used, rendered severely anoxic. The lumen of a known 
length of small intestine was continuously perfused with normal saline 
saturated with oxygen at atmospheric pressure. At the start of the test 
period, the flow was arrested and the rate of fall of oxygen tension in a 
known volume of saline during three minutes was estimated in situ by 
polarography. The saline was stationary when the measurements were 
made but at other times mixing was aided by gentle kneading. The 
experiment was repeated three times in each kitten both with the 
mesenteric circulation intact and cut off. The results of the thirty-six 
runs showed that the rate of loss of oxygen from the gut was higher 
than when aerated hemoglobin solution had been used. The uptake in 
the first minute per 12in of gut, with the circulation intact was about 
five times increased. With the circulation cut off, it was about four 
times increased. Thus the difference between the two rates of uptake 
(i.e. the quantity supposedly carried away by the mesenteric blood) 
was disproportionately larger. FiG. 7 shows for each kitten the mean 
rate of loss of oxygen expressed as microlitres per 12in of intestine. 
Even during the first minute the mean oxygen gradient had fallen to 
about 450mm Hg of mercury, and we have therefore endeavoured to 
calculate the highest possible rate of transfer of oxygen to the blood 
by extrapolation of the results of the first and second minute’s loss to a 
gradient of 700mm mercury. This gave a figure of 10ul per minute 
per 12in of gut, or about one-fourth of the total uptzxe. 

All the experiments in this section (Cc) had shown that a major 
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FIG. 7 Loss of oxygen from intra-intestinal oxygenated saline during severe 
anoxia, with and without mesenteric circulation. Each point represents the 
mean of three runs in that kitten. 


portion of the oxygen lost from the lumen of the intestine did not 
succeed in passing through the wall to the mesenteric circulation, 
presumably being used for the metabolic needs of the tissues. It 
seemed likely that in severely anoxic animals whose intestines had not 
had the benefit of intraluminal oxygen, a marked oxygen debt might 
be present in the walls of the gut and that when oxygen was first 
administered even less might be available to pass to the mesenteric 
circulation. We did not try to verify this in kittens owing to their being 
in short supply, but carried out a series of experiments on adult rats. 
Three were subjected to the same experimental procedure as just 
described for kittens. Oxygen debt of the intestinal wall was minimised 
by continuous perfusion of the lumen with oxygenated saline between 
runs. The rate of loss of oxygen from the saline was measured with 
the mesenteric circulation intact and then cut off. Five other rats were 
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subjected to a similar experiment but before and between the runs no 
source of oxygen was available in the lumen of the gut. Thus, there 
was likely to be an oxygen debt, especially in the experiments with the 
mesenteric circulation occluded. The results of these experiments are 
shown in FIG. 8, expressed as follows. The available oxygen per 12in 
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F1G. 8 Comparison of the rates of loss of oxygen from the lumen of the gut 
with and without mesenteric circulation and intestinal oxygen debt. 


of gut was approximately 70ul in all cases. To enable all results 
to be plotted together for comparison, the total loss of oxygen 
at the end of each minute has been expressed as percentage of the total 
available at the start of the run. The ordinates represent this percentage 
at the end of each of the first three minutes when the circulation was 
intact. The abscissa is the corresponding percentage for the same rat 
at the same time interval when the mesenteric circulation was occluded. 
Thus, if the presence or absence of the circulation made no difference 
to the rate of absorption of oxygen, all the points would lie on a line 
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of gradient 1. Points which lie above the line depict greater loss of 
oxygen from the lumen when the circulation is intact. Points lying 
below the line depict greater loss of oxygen when the circulation is cut 
off. The hollow circles, 0, represent the results of the experiments on 
the three rats when care was taken to avoid intestinal oxygen debt. 
All but one lie above the line signifying transfer of oxygen to the 
mesenteric blood. The solid circles, @, represent the results when the 
five rats were allowed to establish oxygen debt in the intestinal wall. 
All but three of the fourteen points show a more rapid uptake of oxy- 
gen from the lumen when there was no mesenteric circulation. It was 
concluded from these experiments that when oxygen is first introduced 
into anoxic gut, the rate of transfer to the mesenteric blood is initially 
much less than later. Our figure for the rate of transfer in the kittens is 
therefore likely to be a considerable over-estimate of that in the first 
few minutes after the administration of 1GO to an already anoxic 
subject. 


DISCUSSION 


To endeavour to estimate the potential value of GO it is necessary to 
compare the maximum possible benefit with the minimum possible 
need. The earlier experiments showed that 0.20ml oxygen per minute 
per 100g was necessary to enable survival of the cardiovascular 
system of most of the kittens under our experimental conditions. Even 
so, not all survived. A different technique showed that 0.25ml oxygen 
per minute allowed better survival but still with some circulatory 
embarrassment. Since all our kittens were anesthetised, it is likely 
that their metabolic need was reduced to at most 80 per cent of that 
of the normal newborn. Thus it is likely that a normal newborn kitten 
requires not less than 0.30ml per minute per 100g for cardiovascular 
survival. 

Our experiments suggest that the highest possible rate of uptake of 
oxygen into the mesenteric circulation, all circumstances being 
optimal, is 10u] per minute per 12in of gut. A generous estimate 
of the available surface area of the alimentary tract in new-born 
kittens is equivalent to double that of a foot of small intestine. 
Thus, possibly, the blood of newborn kittens may gain as much 
as 20ul of oxygen per minute as a result of treatment by 1GO. 
The fate of this absorbed oxygen is uncertain. The two extremes are 
that it all passes by the portal vein to the liver and is there consumed 
before entering the inferior vena cava, or that it all avoids the liver by 
passing through the ductus venosus. Evidence on this point in the 
literature is limited and inconclusive, but it is unlikely that a significant 
quantity of the mesenteric blood actually by-passes the liver. 

We draw the following conclusions from all these experiments. The 
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average newborn kitten requires at least 0.30ml oxygen per minute for 
bare and tenuous survival of its cardiovascular system. Under optimal 
conditions it is most unlikely that the rate of transfer of oxygen from 
the entire alimentary tract to mesenteric blood will exceed 0.02ml per 
minute or 7 per cent. It is likely that a large fraction of this available 
quantity is consumed in passage through the anoxic liver. The 
experiments on survival of kittens showed no benefit from 1Go, thus 
confirming the above conclusion, but these experiments are subject to 
the theoretical criticism that the ductus venosus may have been less 
functional than immediately after birth. Unfortunately, only one 
experiment was done on animals in which the ductus venosus was 
believed to be open. Two slightly immature kittens, litter-mates, 
obtained by Cesarean section were rendered acutely anoxic by 
tracheal occlusion, one with and one without 1GO. Te animal treated 
with 1GO died before its mate. 


SUMMARY 


Experiments have been carried out on newborn kittens rendered 
severely anoxic. 

The following factors have been investigated : the effect of intra- 
gastric and intra-intestinal oxygen in respect of survival time, rate of 
desaturation of arterial blood, and rate of fall of arterial oxygen 
tension ; the effect of IGO upon the minimum pulmonary oxygen 
intake necessary to ensure bare survival of the cardiovascular system ; 
the rate of loss of oxygen from the intestines into the bloodstream. 

In these animals, in which the ductus venosus was probably non- 
functional, the experiments have failed to reveal any evidence of the 
transfer of physiologically important amounts of oxygen from the 
gastro-intestinal tract to the systemic blood. 

Even assuming that all the mesenteric bloodflow were to pass 
through a patent ductus venosus, which is unlikely, measurements of 
oxygen transfer have shown that this source could contribute not 
more than 7 per cent of the minimum needed for bare cardiovascular 
survival. 
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The economics of anzsthesia 


PATRICK SHACKLETON, FFARCs 


Department of Anzsthetics 
Southampton Hospitals 


When asked by the Chairman of the Drugs and Dressings Economy 
Committee how much it cost to give an anesthetic, I did not know the 
answer. I have tried to find out. 

Immediately it becomes apparent that the components making up 
the cost of any anesthetic are multiple and variable. Viewed from the 
chair-point of my Drugs and Dressings questioner the average cost of 
an anesthetic given in the various hospitals in the Southampton Group 
in the year 1957, was something between eight and ten shillings. In 
1959, with a comparable number of general anesthetics recorded in 
the group (TABLE 4), this average figure had risen to somewhere 
between twelve to fifteen shillings per anesthetic. 

It is impossible to be very precise in fixing this figure from the pharm- 
acy returns as many of the drugs used as supplementary to anesthesia 
(premedication and post-operative medication, etc.) are also used rou- 
tinely on medical and surgical wards and will not appear as an anes- 
thetic debit. Such drugs as morphine, hyoscine, pethidine, prometha- 


Table 1 


Cost of some of the drugs commonly used by anzsthetists 
Es d 
Trilene 500ml 
Ether 
Cyclopropane 1 gall (4.5 litres) a2 
Nitrous oxide 100 gall (445 litres) ee 
Oxygen 120 cu ft (3408 litres) 6 8 
Chloroform 150ml 1 10 
Halothane 250ml 9 19 il 
D-tubucurarine chloride 15mg 1 10 
Gallamine triethiodide 80mg ae 
Suxamethonium 100mg 4 
Thiopentone 0.5gm 
2 0 
S5gm 
Atropine sulphate 0.6mg (gr1/100) 1} 
Neostigmine 2.5mg 7 
Promethazine 50mg 8 
Chlorpromazine 50mg 8 
Pethidine 100mg 2 
Papaveretum — hyoscine 20mg-0.4mg 13 
Morphine 15mg 14 
Lignocaine 20m! (4 per cent) 1 10 
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zine, are impossible to allocate accurately between anesthetic and 
non-anesthetic usage. The oxygen used in the wards and nursery is 
not recorded separately from that used in the theatres. 

Although my researches have shown me that the pharmacological 
part of the cost of anesthesia is by no means the largest item in the 
budget, it may be useful to know the cost of the various common 
techniques used in general anesthesia. TABLE | shows the cost to the 
pharmacy under NHS contracts of some of the drugs commonly used 
by anesthetists. TABLE 2 is an attempt to show the cost per hour of 
some of the usual sequences of anesthetic agents. 

The estimated cost of the different techniques listed in TABLE 2 is 


Table 2 


Approximate cost per hour of some commonly used anesthetic sequences. (Estimated 
at thiopentone 500mg and nitrous oxide —- oxygen=6:2 litres, unless otherwise stated) 


& 
Thiopentone — nitrous oxide - oxygen 6 8 
Thiopentone — nitrous oxide — oxygen, ether 710 
Thicpentone — nitrous oxide - oxygen, trilene 8 2 
Thiopentone — scoline — nitrous oxide — oxygen, d-tubocurarine chloride, 
atropine, neostigmin 11 10 
Thiopentone — nitrous oxide - oxygen, pethidine 6 9 
Thiopentone — nitrous oxide — oxygen, halothane, 8 litre flow 1 410 
Thiopentone — nitrous oxide — oxygen, halothane, 4 litre flow 14 10 
Thiopentone — nitrous oxide — oxygen, halothane, closed circuit 9 0 
Thiopentone — cyclopropane — oxygen 
Ethyl chloride — ether (open) 2 <2 


inevitably very approximate ; variables in the form of patients are infi- 
nite and anesthetists’ likes and dislikes, as well as methods of dealing 
with abnormal reactions from patients, add further to the uncertainty. 
One drug firm, in estimating the cost of an hour and a half of general 
anesthesia for gastrectomy, suggests very slightly higher figures than 
mine for thiopentone — nitrous oxide - oxygen — curare and for 
thiopentone - cyclopropane — oxygen — curare sequences ; but a lower 
estimate for sequences containing halothane. The figures I have given 
are based on bulk buying of drugs and a piped oxygen and nitrous 
oxide system, whereas the costing prepared by the drug firm assumed 
that 200-gallon cylinders of nitrous oxide were used and 24 cubic foot 
cylinders of oxygen. This would account for the odd shilling an hour 
difference in some of the estimates. 

The introduction of halothane, the most major addition to our 
pharmacological armoury during the last few years, has altered the 
anesthetic pattern of routine techniques and therefore merits more 
detailed contemplation. 

Halothanewas first used in the Southampton Hospital Group during 
1957. Its use was at first restricted to one or two persons, but later, in 
1958, it was released without restriction for use by all members of the 
Anasthetic Department. I say without restriction, which is not exactly 
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true. All machines were fitted with bottles especially calibrated for 
halothane vaporisation, and a few ‘fluotec’ vaporisers were acquired. 
The junior members of the staff were supervised in its use and a general 
restrictive eye was kept on the way the drug was used by, at any rate, 


Table 3 
COST OF ANASTHETIC HALOTHANE 


DRUGS GASES PURCHASE 
1957 £2,601 £5,914 £ 379 
1958 4,852 4,960 1,928 


5,266 5,619 2,010 


the junior staff. The financial effect is shown in TABLE 3 and can hardly 
be described as an advance in economy ! 

It is interesting to note that despite the obvious widespread use of 
halothane in all types of case and the repeated urgent advice (which 
almost amounted to a directive) that the agent should almost always 
be used with a low minute flow of gases, the reduction in cost of anes- 
thetic gases during the three years under review has shown a negligible 
decline. (This figure is, as has been mentioned, not exclusively an 
anesthetic debit as ward oxygen is included. The amount of oxygen 
used in the wards has not, however, apparently risen phenomenally 
during these three years.) Other factors which have altered during the 
period are the establishment of a respiratory insufficiency unit and the 
enlargement of the thoracic surgical unit’s repertoire to include the use 
of an extracorporeal heart-lung pump for certain cases of cardiac dis- 
ability. These two factors have imposed some extra expense on the 
anesthetic budget, but one that is calculable and not of great conse- 
quence to the drug account. For example, the cost of d-tubocurarine 
and chlorpromazine for a patient with tetanus who is being treated 
with a muscle relaxant and IPPR via a tracheostome, averages about 
thirty shillings per day (eight cases so treated during 1958-9). It may 
be said that the anesthetists in the group have used halothane in a most 
extravagant and profligate manner. That may have been so at first. But 
in the first, fine (I hope careful) rapture such a honeymoon attitude is 
usual. Whether the use of halothane is, in fact, an advantage in many 
routine operations where patients previously have received less expen- 
sive anesthetic drug sequences, is not my purpose to discuss in this 
paper. The fact that some of us have now scarcely used it for periods 
of weeks or months reflects the usual swing of the pendulum which 
often occurs after the over enthusiastic adoption of anything new. 


Table 4 

NUMBER OF GENERAL ANASTHETICS 

GIVEN IN HOSPITALS IN THE GROUP 
1957 15,000 
1959 15,648 
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STAFFING 


Anesthetic Departments, like all other organisations, are subject to 
the working of Parkinson’s Law! ‘work expands so as to fill the time 
available for its completion’. Surgical lists may wax and wane in length 
and number of cases, but theatres are very seldom vacant. When a sur- 
geon is on holiday or is ill other surgeons (usually registrars), like 
nature’s reaction to a vacuum, move in. There must, in every type of 
hospital, be available more anesthetic sessions than surgical, to allow 
continuous cover for all demands and anyway, a short list often takes 
as long as a long one for reasons well understood by students of 
Parkinson’s thesis. 

There are nine grades of anesthetist (TABLE 5) all of whom must eat. 


Table 5 
The anesthetic hierarchy 


Senior House Officers 
Registrars 

Senior Registrars 

General Practitioners 
SHMO’s 

Consultants 

Consultants with C awards 
Consultants with B awards 
Consultants with A awards 


Salary scales being what they are (see latest NHS Terms and Conditions 
of Service), it will appear obvious that here we are on tricky ground 
and dealing with not only a major item in the budget, but also with 
probably the greatest variable when different types of hospital are 
compared. A teaching hospital, whose Department of Anesthetics is 
blessed with a full gamut, has a heavy salary weighting; the large 
Regional Board Hospital Group, whose complement lacks the higher 
and rarer members of the hierarchy, still may incur a salary debt of 
£15,000—£20,000, whilst the smaller Hospital Group with perhaps a 
greater spread in the middle range of anesthetic eminence may still 
run not far short of £12,000 or so. 

Therefore, it seems that ten to twelve shillings for drugs must be 
increased by from thirty to fifty shillings, raising the cost to £2 or £3 
according to the type of hospital in which the victim is anesthetised. 
Anesthetic + anesthetist in Southampton equals £2 13s 8d. 


OTHER EXPENSES 


What other expensive factors should be debited to the cost of the anes- 
thetic ? Obviously the cost of anesthetic machines and equipment ; any 
ancilliary equipment such as recording and measuring instruments ; 
servicing and repairs ; and depreciation. The finance experts load all 
sorts of items on to cost and I suppose it is fair that a percentage of 
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Table 6 
Finance Department's costing of anesthetics in one hospital in the group 
Anesthetic Department, General Hospital 


YEAR ENDED 
COST STATEMENT 31 MARCH 1959 
Estimated expenditure A 
Number of operations 6,223 
Cost Unit — average cost of anesthetising one patient- 
ESTIMATED EXPENDITURE — DIRECT UNIT COST 
Salaries and Wages £ 
(aA) medical 11,768 117 10 
(B) domestic 1,071 so 
2 Drugs and dressings 4,284 
3 Appliances and equipment 1,177 3 10 
4 Repairs, renewals and replacements 268 : ll 
5 Water 42 1 
6 Rates 106 4 
7 Staff uniform (theatre suits) 80 y 
8 Depreciation 192 8 
18,988 
INDIRECT EXPENDITURE 
9 Dispensary services charge 560 1 10 
10 Cleaning and portering $13 1 8 
11 Medical records 66 y 
12 Transport 500 1 8 
13. Works and maintenance 600 1 11 
14. Power, light and heat $52 1 9 
15 Laundry 78 3 
16 Administration 1,088 3 6 
3,957 12 9 
Total estimated expenditure and unit cost per patient anesthetised £22,945 £313 9 


theatre and pharmacy expenses should reasonably be charged to our 
account. TABLE 6 shows the professional finance officer’s angle on 
anesthetic costing ; as will be seen the final grand total for an anes- 
thetic in this one general hospital main theatre block in 1959 was 
£3 13s 9d. 

Where there is, as in most teaching hospitals and in some Regional 
Board ones, an actual department with office, perhaps reading room, 
a library and with a secretary presiding, the cost of this is rightly 
charged to the anesthetic budget (item 16, TABLE 6). Secretary, 
books, journals, stationery, postage, etc. add another three shillings 
and sixpence to the cost of an anesthetic. 

One point emerges which has interest. What is the difference in cost 
of an anesthetic in a peripheral cottage hospital and one in a main 
theatre at the centre ? In one cottage hospital reviewed the cost of any 
one of the 176 anesthetics given in 1957 turned out to be £5 17s 2d. 
Unlike the nationalised railways, whose uneconomic branch lines are 
closed, it is felt that such local surgery as is deemed suitable under the 
conditions prevailing should still be done in such a hospital. 

Research and teaching and special units are, of course, in a financial 
class of their own. If the expenses of a University Department of 
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Anesthetics are carried into the financial stream of the ordinary day- 
to-day theatre lists the cost of an anesthetic will rise considerably. But 
the benefits of teaching and research are so widespread, as the fledg- 
lings mature and go out into the world on dazzling wings, that it is 
fairer to keep research and teaching costs separate. In special units, 
such as those devoted to thoracic or neurosurgery, equipment tends to 
be on the expensive side and a correspondingly high number of top 
grade anesthetists are needed so that it is used to the greatest 
advantage. 

A little thought will often save a little money. The purchase of a 
needle servicing machine for £18 and the expenditure of another £20 
on a bench, vice, simple tools and good light saved £100 in needle 
servicing in the first year. A suitable magic liquid for skin cleaning in a 
drop bottle, instead of a galleypot full poured out at frequent intervals 
during the list, may save pennies a day. In other little ways saving can 
be made. But, by and large, I think these figures show a commendable 
economic modesty on the part of our speciality. The skill required, the 
responsibility involved, the benefit to the surgeon and the patient, let 
alone the pleasure derived by the anesthetist in the giving of a well- 
administered anesthetic, are remarkably cheap at the average price of 
£3 13s 9d. When you think of one injection of a new steroid or anti- 
biotic which any physician worth the name... 
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Controlled hypotension with halothane 


GERALD P. MURTAGH, ps, DA, FFARCS 
Consultant Anesthetist, Hull A and B Groups 


The object of this paper is to describe a halothane-oxygen anesthetic 
in certain elective surgical operations, associated with controlled 
respiration, hypotension and muscuiar relaxation. Apart from the 
preliminary instrumentation, performed under the relaxation of 
suxamethonium, no muscle relaxant or hypotensive ganglionic agents 
were used or found necessary. The outstanding feature of the tech- 
nique is the use of halothane as a single agent to achieve the effects 
which have hitherto been obtained by a multiplicity of drugs or by 
complicated combined methods. 

The operations carried out with this technique fall into two groups 
— ear, nose and throat, and thoracic surgery. 


Table 1 
TYPE OF SURGERY NO MALE FEMALE 
Ear, nose and throat 25 14 li 
Thoracic 30 16 14 


While these two groups do not lend themselves to comparison, they 
do provide a striking contrast, both in the nature of the surgery 
undertaken and the general condition of the patients. The thoracic 
group were older and more debilitated and were operated upon for 
chronic pulmonary disease, such as pulmonary tuberculosis, 
bronchiectasis, emphysematous bullz and carcinomatous conditions 
of the lung, stomach and cesophagus. The average age of the thoracic 
group was 46, the youngest being 18 and the oldest 68; the average 
age of the ear, nose and throat group was 38, the youngest being 10 
and the oldest 66. 


Table 2 
AGE GROUP EAR, NOSE THORACIC 
AND THROAT 
10 - 19 years 7 1 
20 — 29 years 3 5 
30 — 39 years 2 4 
40 — 49 years 4 8 
50 — 59 years 7 8 
60 — 69 years 2 4 
TOTAL 25 30 
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The nature of the surgery undertaken is shown in TABLE 3. The 
duration of the surgery varied from 50 to 90 minutes in the ear, nose 
and throat group and from 65 to 330 minutes in the thoracic group. 


Table 3 
NATURE OF SURGERY NO 
Ear, nose and throat 
Radical mastoid, tympanoplasty 25 
TOTAL 25 
Thoracic 
Lobectomy 11 
Lobectomy and thoracoplasty 2 
Pneumonectomy 5 
Segmental resection 4 
Heller’s operation* 1 
Oesophageal resection 1 
Total gastrectomy 1 
Hiatus hernia 1 
Exploratory thoracotomy 3 
TOTAL 30 


*Involved an abdominal sub-diaphragmatic approach 


Selection of patients 


No special investigations were carried out before operation, other 
than those necessary to elicit the surgical pathology and the routine 
clinical history. Examinations to exclude the generally accepted 
contra-indications to any hypotensive anesthesia—severe cardio- 
vascular, hepatic, renal disease, anemia and diabetes were also under- 
taken. Any patient on steroid therapy was also excluded. 


Premedication 
Light premedication, consisting of pethidine and atropine, or scopola- 
mine and pethidine, was given to the majority of patients three- 
quarters to one hour before operation. To some, chlorpromazine was 
given in addition. 

Induction 
Anesthesia was induced in the majority of patients with thiopentone, 
never more than sufficient to abolish the eye-lid reflex being given. 
A few had nitrous oxide—oxygen and halothane, but, to save time and 
to make the induction more pleasant, the former method was prefer- 
red. Instrumentation was performed under the relaxation of suxame- 
thonium. Spontaneous respiration was allowed to return and the 
patient settled in a very light plane with 50 per cent nitrous oxide, 
oxygen and halothane, until the preliminary positioning, insertion of 
drips or Mitchell needles and needle electrodes, were completed. The 
soda lime absorber was placed in the circuit—either a Waters’ 
canister or a Coxeter-Mushin circle absorber; the nitrous oxide was 
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stopped and an oxygen flow rate of 4 litres per minute was used to 
vaporise the halothane. By slowly increasing the vapour strength and 
assisting respiration, apnea was produced and control of respiration 
established ; ventilation was now maintained by hand or by respirator. 
It was found that a 4-litre oxygen flow rate per minute, with very 
small increments of halothane, gave the best control of the anes- 
thetic depth, and permitted the arteria! pressure to fall gradually over 
a period of 5 to 10 minutes. 


Depth of anesthesia 
Depth recognition into the planes of anesthesia, based on Guedel’s 
classification, was impossible, as spontaneous respiration had been 
abolished and could only be recognised at light, moderate or deep, 
depending on the circulatory and other reflex activities of the patient. 
It was found that the pupils dilated readily in both light and deep 
anesthesia. With such a method of administration, dilated pupils 
were taken as a sign of deep anesthesia, until proved otherwise. 

The utmost concentration and vigilance are demanded from ihe 
anesthetist and repeated checks every few minutes, from the moment 
of induction to the completion of the surgery and the recovery of the 
patient, are essential, as very rapid changes in the arterial pressure and 
heart rate can occur in a few minutes. 


General description 

The technique presents a patient with a warm, dry and red-coloured 
skin of face and extremities; the nail beds are pink and the capillary 
refill time brisk. Cyanosis and coldness of the extremities were not 
seen even after many hours on the table, though the degree of vaso- 
dilatation varied from patient to patient. Cyanosis must never occur 
and the slightest trace of duskiness is a sign that something is seriously 
wrong and is an urgent indication for the closest appraisal of patient 
and apparatus. The displacement of the shoulder in the lateral 
position often tended to obstruct the venous return from the head, 
resulting is some postural cyanosis, but the ear and the elevated 
parts remained quite pink. The peripheral pulses were absent or 
feeble; the mediastinum, in the thoracic procedures was quiet and 
little, if any, resistance could be appreciated by the hand on the bag. 
The diaphragm was immobile and flaccid and the abdominal wall 
relaxed. Abolition of the cough reflex permitted aspiration of the 
bronchial tree. 


Blood pressure 
The aim in every patient, following induction, was to stabilise the 
arterial pressure at the maximum systolic consistent with reduced 
bleeding and minimum depth of anasthesia. On an average, the 
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systolic blood pressure lay between 60-80mm of mercury and the 
depth of anesthesia was light to deep. The hypotension was readily 
controllable, responding within a few minutes to variations in the 
halothane concentration, though there were individual variations in 
the time of response. A rise in blood pressure, provided that there was 
no question of under-ventilation or soda-lime inactivity, was a sign of 
lightening anesthesia. Some difficulty was experienced in several 
patients in achieving a steady pressure level, as fluctuations of several 
points up or down the scale occurred, particularly in the thoracic 
group, and with hilar or mesenteric traction. A fall in arterial pressure 
below the minimum level of 60mm Hg was an indication for stopping 
the halothane until the pressure had risen to the original level. There 
was a marked variation in the concentration of halothane required to 
bring about and maintain the hypotension and anesthesia in different 
patients. Young people were more resistant than the elderly and very 
often in the young the anesthesia was deep. As the duration of the 
operation extended, less halothane was required. Occasionally, with 
hyperventilation and absence of stimulation, hypotension presented, 
only to rise with the skin incision and a larger concentration of 
halothane was then required to induce a fall. This secondary rise in 
pressure could be avoided by ensuring an adequate depth of anes- 
thesia and by using a little local analgesic in the skin before the 
incision. Blood pressures were recorded by oscillometry. 


Heart rate 


Some degree of bradycardia was the rule in the majority of patients, 
the rate tending to remain constant at a steady hypotensive level, 
particularly in the ‘ear’ group. The heart rate tended to be a little 
faster in the younger and in the thoracic patients. Rates in individuals 
varied from 50 to 120. A rising pulse rate associated with a rise in 
pressure was a sign of lightening anesthesia, but considerable care 
must be exercised in interpreting a rising pulse without a rise in 
pressure; this could be due to a fallin blood volume, under-ventilation, 
arrythmias, or to traction on the mesenteries. 


Electrocardiograph 


The electrocardiograph was available only for the thoracic group. 
The cardioscope was preferred to the direct writing apparatus, as, 
once the controls were set, it required little adjustment and did not 
distract the attention from the patient. In only seven of the thirty 
patients was a change in pattern or rhythm seen. Indeed, it was 
surprising how steady the tracing remained even with direct stimu- 
lation of the heart and great vessels. The changes seen were: sinus 
bradycardia; extrasystoles — auricular and ventricular —- usually 
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single: at no time was there a run of ventricular beats ; wandering 
pacemaker; inverted P-waves and more commonly, nodal rhythm 
(five patients); a high T-wave with an iso-electric take-off, a small 
upward R and a prolonged downward §; a fall in voltage of QRS; 
QRS electrical alternans with sinus rhythm. 

The nodal rhythm was not abolished by atropine or small doses of 
chlorpromazine as these drugs only increased the rate, but it responded 
to reduction in the halothane concentration (four patients). The 
electrical alternans was not associated with pulsus alternans. 


Bleeding 

Bleeding from cut surfaces was markedly reduced and as a consequence 
the dissections in both groups were technically much easier to perform. 
In the thoracic group, the average blood loss was 270ml and the 
average blood replacement was 706ml per patient. This compares 
favourably with other published figures for this type of surgery. As 
with other hypotensive techniques, an accurate check must be kept on 
blood loss during the operation and an equivalent amount replaced 
by tranfusion; in addition, the estimated volume of blood contained 
in the excised organ should also be given. Maintenance of a constant 
blood volume, by blood and other fluids, is important, as the com- 
pensatory vascular mechanisms are severely penalised by the central 
and peripheral actions of halothane. Excessive and rapid blood loss as 
a result of accidental vessel injury is always a possibility to be borne 
in mind and facilities to deal with such incidents should always be 
ready, the halothane turned off and ventilation maintained with 
oxygen during the crisis. 


Recovery of blood pressure 
The blood pressure rapidly responded when the halothane admini- 
stration ceased and ventilation was continued with oxygen. The time 
of response varied and, on average, was more rapid in the ear, nose 
and throat patients than in the thoracic group. The mean figures are 
shown in TABLE 4. A systolic pressure of 100min Hg was accepted as 
a reasonable level of recovery. 


Table 4 


AVERAGE BLOOD PRESSURE READINGS 
Before induction 146 140 
During operation 63 71 
At end of operation 


Average time taken for blood pressure 
to recover to 100mm Hg systolic 
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Recovery of spontaneous respiration and consciousness 


Spontaneous respiration returned in all patients, with one exception, 
within fifteen minutes of stopping the halothane. Ventilation was 
continued with oxygen until signs of recovery appeared, such as 
dilating pupils, coughing, limb movement, swallowing and only then 
was any attempt made to let spontaneous breathing return. In some 
cases this was aided by adding a little carbon dioxide to the inspired 
mixture. The one exception was a patient who had undergone an 
cesophagogastrectomy for carcinoma of the lower cesophagus, during 
which controlled respiration was maintained for over five hours. A 
period of thirty minutes elapsed before spontaneous respiration 
returned and a further ten minutes before it had an intercostal 
component. 


Table 5 

Return of spontaneous respiration 
TIME TAKEN FOR RECOVERY EAR, NOSE THORACIC 
OF SPONT. BREATHING AND THROAT 
AFTER STOPPING HALOTHANE 
Average time in minutes 8 15 
Minimum time in minutes 4 3 
Maximum time in minutes 15 45 


Recovery of consciousness occurred in all patients within the hour, 
the majority within fifteen to thirty minutes, though in a few, 
orientation to environment and to events was delayed for several 
hours. 


Post-operative complications 


Post-operative complications were more common in the thoracic 
group and a comparison can be seen in the accompanying table. 
There was no jaundice, no renal, cardiac, cerebral or other vascular 
incident in either group. 


Table 6 


POST-OPERATIVE EAR, NOSE 
€OMPLICATIONS AND THROAT THORACIC 


None 21 
Vomiting 

Paralytic ileus 
Meteorism 
Post-operative shock 
Lobar collapse 
Hemorrhage 
Urinary retention 
Pneumonia 

Death 
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Comment 


The anesthesia in both groups was satisfactory. Some difficulty was 
experienced in cutting large muscle masses with the diathermy 
knife owing to the severe twitching that occurred on stimulation of the 
nerve bundles and the muscle fibres. Halothane does not depress 
motor nerve conduction. The difficulty was overcome by using 
scissors, but as the surgeons were somewhat reluctant to surrender the 
use of the diathermy, a little suxamethonium was given during the 
incision and this helped to reduce the twitching. The muscle relax- 
ation was very good in the thoraco-abdominal and the hernia opera- 
tions. 

The breathing in the thoracic patients, on recovery, was a noted 
feature, in that it was deep, regular and had an active intercostal 
component and compared more than favourably with the shallow, 
jerky, paradoxical breathing often seen with the relaxant techniques 
as a result of some residual muscle weakness and pain. 

The post-operative condition of the patients, with the exception of 
those mentioned above, was very good and convalescence was 
uneventful. 


Discussion 


Hypotension is a feature of deep general anesthesia, whatever the 
agent used — ether, chloroform, vinesthene, cyclopropane or the 
intravenous barbiturates. The use of deep general anesthesia for the 
production of an ischemic field in surgery has been considered 
unjustifiable, because of the anoxia associated with the respiraiory 
depression of the deeper levels, unpredictable arrythmias and the 
progressive fall in cardiac output of central and myocardial origin. 
In addition to the more immediate risks during the anesthesia, the 
post-operative period has been noted for a host of complications 
attributed to the toxic and anoxic effects of the agent and administra- 
tion. Some agents add an explosive hazard. For these reasons, other 
methods of controlled hypotension were introduced — thearteriotomy, 
the high spinal, the epidural, the differential spinal blocks, intravenous 
procaine, and, more recently, the ganglionic agents. The latter group 
of drugs, in combination with a light general anesthetic, with or 
without relaxants, are the most popular choice of the present time in 
hypotensive anesthesia. It is against this background that the present 
series, with halothane as a hypotensive agent, must be assessed. 

The essentials of this technique, in general, are an absolutely clear 
airway, control of the halothane concentration with oxygen only as 
the carrier; control of the respiration, maintenance of the blood 
volume; and care in the selection of the patients. 

According to laboratory experiments and clinical practice, halo- 
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thane possesses a low toxicity and its effects are rapidly reversible. 
The oil-water coefficient of 330 is one of the factors responsible for the 
delayed recovery from deep, prolonged anesthesia. The literature is 
remarkably free from reports of toxic sequelz from the use of the drug. 

The hypotensive action of halothane has been described, among 
others, by Johnstone®, Brennan!, Raventos® and Burns? ef a/ and 
opinion is somewhat at variance regarding the factors in its production. 
Raventos has attributed the fall in pressure to selective ganglionic 
blockade with splanchnic vaso-dilatation and with no fall in cardiac 
output. In the report of Burns ef al, the hypotensive action was 
ascribed to a number of components, all leading to a reduction in 
cardiac output, with central vaso-paresis, myocardial depression, 
some degrees of ganglionic blockade and a direct dilating action on 
the vessel walls. In a more recent paper? he has illustrated this latter 
action on the larger vessels. This fall in the peripheral resistance with 
increased blood flow is manifested clinically by the increased warmth 
and colour of the skin and of the extremities and a brisk capillary 
refill time. It is the associated reduction in the peripheral resistance 
with halothane that contributes to the safety of this hypotensive 
technique. 

Postural aids to the hypotensive action of the various techniques, 
in establishing pressure gradients throughout the body, have played a 
large part in maintaining the fall in blood pressure. The added 
dangers have been well discussed* and were consequently avoided in 
the thoracic group and only a slight head-up tilt (5°) was used in the 
ear, nose and throat group. An additional hazard to capillary blood 
flow has been advanced in the theory of critical closing pressure and 
this pressure, in man, is thought to be about 50mm Hg. 

The blood pressure must not be allowed to fall below the minimum 
of 60mm Hg systolic. In the series, it occasionally fell below this level 
but active steps were immediately taken to restore the pressure by 
reducing the halothane concentration. Above this minimum figure, 
the fall in pressure with halothane is controllable to a remarkable 
degree, comparing favourably with the short-acting ganglionic agents 
trimetaphan and trophenium. Precipitous falls in pressure, as a 
result of sudden and large increments of vapour, were no part of the 
technique. The hypotension appears to have a linear relationship to 
the depth of anesthesia. One disturbing feature of halothane hypo- 
tension where the pressure has been maintained below the above arbit- 
rary figure, is that, clinically, there would appear to be a critical point 
in the anesthesia where the circulation becomes unstable and beyond 
which it is dangerous to trespass. This was indicated by a tendency to 
cyanosis, a sluggish capillary refill time, the blood pressure tending to 
fall even with reduction in the vapour concentration. It may well be 
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that the anesthesia was more deep than appreciated as the signs of 
depth are not sufficiently precise for accurate assessment and as a 
consequence the depression of the central mechanisms was playing an 
increasingly greater part in the hypotension. 

Recovery of the arterial pressure on ceasing the vapour admini- 
stration was rapid and individual variations were evident. Factors 
such as age, physical condition, the nature of the surgery, the 
duration and depth of anesthesia, all influenced the recovery time. 
The return of spontaneous respiration was an additional factor. 
By including the phenothiazine drugs in the premedication, the 
hypotension is maintained at a lighter level of anesthesia, but the 
return to normotensive pressures is delayed. 

Halothane is such a potent agent that oxygen only is used as the 
carrier. Previous experience with 50 per cent nitrous oxide-oxygen 
and halothane or trophenium, with spontaneous breathing was 
unsatisfactory, as the venous blood tended to be dark and the nail 
beds somewhat cyanosed. With controlled respiration and oxygen only 
as the carrier, the venous blood was red and there was an obvious 
decrease in the arterio-venous oxygen difference. With halothane this 
was thought to be important, as the greater part of the blood supply 
to the liver is via the portal vein. 

The changes in the acid-base balance and the associated ionic 
shifts accompanying hypoventilation during anesthesia have been 
held responsible for diverse nervous and cardiovascular manifest- 
ations. To avoid these complications, controlled respiration is held to 
be an essential part of the technique. It permits full oxygenation and 
lowers the alveolar carbon dioxide and that of the blood. It permits 
the more rapid and effective variation in the halothane concentration. 
It allows the more rapid elimination of the drug on the completion of 
the surgery, thereby promoting the recovery of the blood pressure, 
the earlier return of consciousness, the avoidance of the shock 
syndrome. 

Controlled respiration is, in itself, a factor in the production of the 
hypotension, the positive inspiratory pressure obstructing the venous 
return and the filling of the heart. On testing for bronchial leak in 
pulmonary resections, excessive pressures in the circuit can precipitate 
very low systemic blood pressures. 

There is no doubt that the abolition of spontaneous respiration 
renders the recognition of the anesthetic depth more difficult. The 
clinical signs available are not sufficiently precise to permit an 
accurate assessment of the degree of central depression. The en- 
cephelogram monitored to an oscilloscope would be a very valuable 
aid in the determination of anesthetic depth and of any cerebral 
ischemia. A more reliable correlation between the anesthetic depth, 
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the circulatory activity and the hypotension would then be possible. 

A comparison of the post-operative complications in both groups, 
reflects to a large extent, the factors, other than those of the anes- 
thetic, in their production. The incidence of paralytic ileus in the 
thoracic group must be noted, especially as Burns has demonstrated 
the relaxing action of halothane on the intestines. While no accurate 
figures are available, it occurred just as frequently as a complication 
in patients with the more orthodox relaxant techniques. 


Conclusion 


The number of patients operated upon with this halothane technique 
are too few to evaluate its safety. It is thought to be a very useful 
technique worthy of a continued trial in similar and other surgical 
fields. 


SUMMARY 


The object of this paper has been to describe the use of the general 
anesthetic agent, halothane, in the production of an ischemic 
operative field, and to assess its value and safety. A comparison has 
been made of its use in ear, nose and throat and thoracic surgery and 
an attempt has been made to discuss the salient points in the technique. 
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Chloroform and halothane 


Their influence upon the oxygen dissociation curve of human blood 
H. SMITH, pap 
Department of Anesthetics, The Medical School, King’s College, Newcastle upon Tyne 


The influence of chloroform and halothane upon the oxygen 
dissociation curve of human blood has been studied. Experimental 
details were as follows:- One millilitre quantities of freshly drawn 
heparinised blood were equilibrated with gaseous mixtures of oxygen, 
carbon dioxide and nitrogen, either alone or in the presence of 
chloroform or halothane. Equilibration was performed in polythene 
vessels of 200ml capacity at a temperature of 38°c. Blood pH was 
estimated electrometrically, blood oxygen saturation by spectro- 
photometry, gaseous oxygen and carbon dioxide by Haldane’s method 
and gaseous chloroform and halothane by the acoustic method of 
Molyneux and Pask?!. The hydrogen ion concentration of the blood 
was pH 7.39 (+0.03) and the pCO, was 36.3mm/Hg (-+-1.5mm). The 
concentration of gaseous chloroform was 4.0 per cent (=0.1 per cent) 
and that of halothane was 2.0 per cent (--0.1 per cent). The results in 
the accompanying graph show that no deviation from the normal 
occurred in the presence of either anesthetic gas. 
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Post-operative respiratory distress 
A hazard of light anesthesia 


A. S. GARDINER, Ma, BM, BCh, DA 


Anesthetist, The Lady Templer Hospital 
Kuala Lumpur, Federation of Malaya 


The deliberate production of apnoea and the substitution of artificial 
for spontaneous respiration have become commonplace since the 
introduction of curare into clinical anesthesia. In the vast majority of 
cases it is surprisingly easy to re-establish effective spontaneous 
breathing, but in a small number unexpected difficulty or delay arises. 
The reasons for this have been summarized by Paton!. Prolongation 
of the effect of normal doses of relaxants, with failure of the usual 
antidotes, aroused considerable interest following Hunter’s descrip- 
tion of six cases®. In spite of adequate assistance to respiration, death 
occurred from circulatory failure six to eight hours after operation. 

Following the administration of over 400 anesthetics for thoracic 
surgery at this hospital inadequate breathing persisted on thirty-five 
occasions in thirty-two patients. The characteristic shallow, jerky, 
diaphragmatic movements were observed in every case but the 
predominant feature was dyspnoea; the degree of distress exhibited by 
the gasping patients depended very largely on the completeness of 
their return to consciousness. There were all grades of severity and 
three case reports are presented in detail to illustrate this: of the 
thirty-two patients affected, eight did not survive, largely as the result 
of complicating factors beyond control. 

This paper is not concerned with cases of post-operative apnoea or 
respiratory depression which, though unexpected, presented no 
serious difficulty in management. Neostigmine-resistant curarization 
occurred in one case, but it was not irreversible, for spontaneous 
respiration was quickly restored by ephedrine® *. Two cases of 
prolonged paralysis after repeated doses of suxamethonium 
responded to neostigmine. Several cases suffering from pethidine 
overdosage were successfully treated with an analeptic or nalorphine. 
Hyper- and hypo-ventilation were responsible for apnoea on several 
occasions before routine monitoring of alveolar carbon dioxide had 
been adopted. In all these cases there was only minimal delay in the 
return of effective spontaneous breathing. 
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MATERIAL AND METHODS 


The patients are predominantly Chinese; there are also Malays and 
Indians. Most are tuberculous and have received efficient medical 
treatment for periods of months or years prior to operation. Their 
general condition is, on the whole, excellent and in this context it 
seems reasonable to exclude potassium deficiency as a factor in the 
respiratory difficulties. 

The anesthetist is well acquainted with ‘he special needs and 
reactions of Asian patients having had previous experience of over 
2,000 administrations in government hospitals in which all grades of 
acute and chronic ill-health are found. Increasing proficiency with the 
thoracic cases did not reduce the incidence of post-operative respir- 
atory distress, rather did it increase: 


Ist year: 7 episodes after 144 anesthetics — 4.9 per cent. 
2nd year: 28 episodes after 292 anesthetics — 9.6 per cent. 


Surgery. The surgeon changed about one-third way through the 
series. Pneumonectomies, resections of lobes or segments, and thora- 
coplasties formed the bulk of the work. 

Anesthesia. The patient and his clinical records were carefully 
examined beforehand. Apparatus for the accurate measurement of 
ventilatory function was not available until late in the series. 

Premedication was based on weight, subject to over-riding clinical 
considerations and for the average patient (weighing about eight 
stones) consisted of the following: 


promethazine 30mg orally evening before operation; 
chlorpromazine 40mg and pethidine 80mg by deep intramuscular 
injection ninety minutes before operation. 


Thiopentone sodium, 2.5 per cent solution, was used for induction 
of anesthesia and followed by intravenous pethidine and suxa- 
methonium to facilitate laryngoscopy. Lignocaine, 4 per cent solution, 
was routinely used for topical analgesia before intubation. 

Anesthesia was maintained with nitrous oxide (75 or 67 per cent) 
and additional pethidine when necessary. Curare was used to provide 
relaxation only after recovery from the suxamethonium: ventilation 
by intermittent positive pressure was performed mechanically by an 
Aintree (Mark II) respirator connected to a semi-closed, single-phase 
system. Residual paralysis at the end of operation was reversed by 
neostigmine (0.6 — 2.5mg) with atropine (0.3 — 1.2mg). 

Many modifications of this basic scheme were introduced from 
time to time for comparison. Bronchial intubation, usually with the 
tube described by Green and Gordon‘, was employed for pneumonect- 
omies and many lobectomies. A Draeger carbon dioxide meter was 
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constantly at hand to check end-tidal carbon dioxide®; this proved so 
useful that routine sampling of alveolar gas by an equilibration 
method adapted from Collier? was undertaken in the second half 
of the series. 


CASE REPORTS 

Case report A 
The patient was a Chinese woman of 43 with a collapsed, cavitated left lung, 
selected for left pneumonectomy. The left diaphragm reached up to the second rib 
anteriorly (see X-ray) as a result of previous treatment with phrenic crush and 
pneumoperitoneum. Her sputum was positive for acid-fast bacilli in spite of 
adequate chemotherapy. Physical examination disclosed a rather plump woman. 
The right side of her chest (the normal side) moved poorly but breath sounds 
were normal. There was no clubbing of the fingers, though the daily production 
of sputum was | — 2 ozs. The blood pressure was 95/65mm (not unusual for 
Asians) and the evening temperature, pulse and respiration rate were 98.2°F, 
78 and 20 respectively. 

Details of premedication are given in the accompanying figure together with the 
dosage and time of administration of anesthetic drugs, recordings of blood 
pressure, pulse rate and end-tidal carbon dioxide concentration and ancillary 
data. An unusual feature was the rise of blood pressure after premedication. 

A good deal of difficulty was experienced in inflating the lung immediately 
after inserting the endobronchial tube and on several occasions during the 
operation: this accounts for the high carbon dioxide readings. Expiration was 
noisy and greatly prolonged at these times, while in the intervals the response to 
intermittent positive pressure was quite normal. Bronchial spasm was diagnosed. 
On occasion pressures of up to 60cm water had to be used to achieve some 
inflation of the lung. 

At the end of operation spontaneous respiration commenced in the expected 
manner but the tidal volume remained very small even after three doses of 
neostigmine. There was a powerful tracheal tug and increased tone of the sterno- 
mastoids, scaleni and ale nasi. With each attempted inspiration there was a 
powerful jerk of the diaphragm; the lower chest was drawn in and the abdomen 
pushed out, the whole movement being held for a distinct plateau before giving 
way to expiration. Expiration, far from being passive, was also accompanied by 
extreme effort, the abdominal muscles becoming quite rigid at this time. 
Expiration was prolonged even more than inspiration and merged imperceptibly 
into the pause which finally gave way abruptly to another inspiratory jerk. The 
patient appeared to be gasping for breath and when consciousness returned a 
little later she was in great distress; removal of the endobronchial tube (which 
had been withdrawn to the trachea) brought about no improvement. 

When cyanosis supervened the lung was inflated with oxygen with great 
difficulty. This suggested the tracheobronchial tree had become obstructed, 
perhaps by regurgitated gastric content, and bronchoscopy was immediately 
performed. Relaxation of the jaw was just adequate and the vocal cords were 
seen to be moderately separated, moving slightly with attempted respiration. 
Passage of the instrument through the larynx did not cause coughing. A little 
frothy sputum was aspirated and it was then clear the main bronchus was greatly 
reduced in size by spasm; the lumen increased slightly with attempted inspiration 
and decreased on expiration. 

After bronchoscopy oxygen was administered by polymask (6 litres per min.): 
2m! nikethamide was given intravenously and woke the patient again but did not 
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improve respiration. She became very distressed and made ineffective attempts to 
cough. Intravenous aminophylline (0.25g) had no effect. Ventilation was clearly 
inadequate so the trachea was iritubated, without relaxant, then the lung rather 
forcibly inflated with 100 per cent oxygen a few times before allowing spontaneous 
respiration to continue with the tube in place. 

About two hours after operation a second bronchoscopy was performed, with 
identical findings. 

About three hours after operation the blood pressure fell to 60/40mm/Hg and 
the pulse rate rose to 124. A large drainage tube was inserted into the left chest to 
exclude bleeding and 540ml citrated whole blood were administered over the 
next thirty minutes. This restored the blood pressure to 70/50 and the pulse rate 
fell to 88, with an improved volume. 

As the patient became increasingly restless the following mixture was admini- 
stered intravenously: chlorpromazine 12.5mg, pethidine 12.5mg, diethazine 
25mg. As the restlessness was relieved, respiration seemed to improve in depth 
slightly. About four hours after operation, with, the endotracheal tube and 
polymask still in place, tidal air was 200ml with effort. End-tidal carbon dioxide 
had risen to 9.5 per cent. 

Artificial ventilation was then commenced using 50 per cent nitrous oxide 
and oxygen. After a few minutes the resistance of the lung to inflation diminished 
considerably and spontaneous respiration was allowed to reassert itself. Tidal 
volume was now 300ml, the patient was exerting herself much less, and end-tidal 
carbon dioxide fell to 5.5 per cent. Spontaneous respiration maintained this level 
for the next half hour: the tube was removed and the patient allowed to return to 
the ward about five hours after operation. She suffered further attacks of broncho- 
spasm for several days, but ultimately made a complete recovery. 


ANASTHETIC DETAILS OF 
CASE 483 


Female Chinese aged 43 


Weight 7st 13lb 
Hemoglobin 14.0g/ 
100m 


Sedation night prior to 
operation: prometha- 
zine 30mg 


Premedication: given at 
8.15am. Chlorproma- 
zine 35mg and pethidine 
70mg by deep intra- 
muscular injection. 
(Did not produce 
adequate sedation.) 


Ventilation through a 
size 8 Green-Gordon 
tube in right bronchus 
and Waters’ canister by 
Aintree respirator using 
1.5 litres oxygen and 
3.0 litres nitrous oxide 
per min. 
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Drugs: doses in mg 
] 
Thiopentone 175 | | | | 
a + ttt 
Suxamethonium | Bee ese 
D-tubocurarine 20 | 1D T ue 
Atropine j | } 
3 iH T | a? 
End-tidal “ 
carbon dioxide i | 
in per cent. 5 ray T 
10am i 12 Ipm 
3 245 6 7 
Notes 
1 Infiltration with 1: 200,000 adrenalin (about 100ml) 
2. Incision 
3 Resection of rib 
4 Division of adhesions 
5 Hilar dissection 
6 Division and suture of bronchus 
7 Closure 


a to Ward: 6.15pm, conscious, breathing 8 litres oxygen from polymask. BP 90/54. 
PR 


Post-operative period: oxygen continued for several hours. Analgesia lasted until 
2am next day when pethidine 50mg was given. Bp and pr did not change significantly. 
Drainage from chest 400ml in first fourteen hours. Vomited. 


Case report B 


The patient was a male Malay with bilateral tuberculosis selected for right 
thoracoplasty. He was well nourished, had a clinically normal chest expansion 
and on auscultation there were a few rales over the left upper lobe. In-patient 
chemotherapy had converted his sputum to negative on culture. The radiological 
changes can be seen in the accompanying plate. 

Details of premedication, dosage and time of administration of anesthetic 
drugs can be seen from the figure. Lignocaine was used to supplement the nitrous 
oxide in place of pethidine: a single large dose, with adrenaline, was injected into 
the right thigh on the lines of the method described by Dawkins and Steel *. 
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Anesthesia was uneventful except for temporary difficulty in inflating the lungs 
immediately after intubation; air entry into the left lung (determined by auscul- 
tation) was markedly reduced but there were no rhonchi. Subsequent measure- 
ment of the tube confirmed it was not long enough to have entered the right 
bronchus. 

Towards the end of operation automatic ventilation was discontinued and the 
oxygen percentage increased from 25 to 33. Shallow, spontaneous respiration 
soon commenced, with a slight tracheal tug. Neostigmine 0.6mg (with atropine 
0.3mg) did not restore full depth as expected. Both drugs were repeated about 
ten minutes later, the tube removed soon afte and the patient turned from the 
lateral to the supine position. He was the en to be struggling for breath, 
straining every muscle in the attempt. His eyes were open, he moved his arms 
about, but no sound came from his lips. There was a powerful tracheal tug. 
After a few minutes he became cyanosed, closed his eyes and was no longer 
restless. The trachea was re-intubated without relaxant, a feeble cough being 
emitted as the tube passed between the moving vocal cords. 

Proper ventilation was established by hand using 100 per cent oxygen and 
was continued until it was thought spontaneous respiration would be adequate. 
When slight intolerance to the tube developed, 40 per cent nitrous oxide was 
introduced with the oxygen. After about thirty minutes he was extubated to the 
accompaniment of an effective cough. He regained consciousness at once and 
subsequent progress was uneventful though tracheal tug persisted for several 
hours. 


ANASSTHETIC DETAILS OF 
CASE 1148 


Male Malay aged 34 


Weight 8st 13lb 
Hemoglobin 14.1g/ 
100ml 


Sedation night prior to 
operation: prometha- 
zine 40mg 


Premedication: given at 
Jam. Chlorpromazine 
40mg and pethidine 
80mg by deep intra- 
muscular injection 


Ventilation through a 
size 10 cuffed endo- 
tracheal tube and 
Waters’ canister by 
Aintree respirator using 
1.5 litres oxygen and 
4.5 litres nitrous oxide 
per min. 
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Drugs: doses in mg 
Thiopentone| | ii] | 
Tr tT T 
Suxamethonium So | | | 
D-tubocurarine to 10 | 
Atropine 303 | 
160 — 
* 160 
a 140 i + 
during operation || | | T 
+ + + be 
8am 9 10 it 
x: 4 
Notes 
1 Induction of anesthesia 
2 Incision 
3 Resection of ribs 
4 Closure 


—— to Ward: 11.15am, conscious, breathing 8 litres oxygen from polymask. BP 130/80 
PR«120. 

Post-operative period: oxygen discontinued after 30 min. Analgesia lasted 30 min; 
Morphia 10mg was then given. BP and PR remained within normal limits. Drainage from 
the chest was 450ml in the first 8 hours. Vomited once 


Case report C 


The patient was a Chinese man of 35 who had a general anesthetic lasting only 
thirty minutes for drainage of empyema. This had developed as the result of a 
left pneumonectomy and thoracoplasty performed about two months previously 
and he was very ill. Very light anesthesia was obtained using a total of 200mg 
thiopentone and reflexes were abolished by 100mg suxamethonium in divided 
doses. The lungs were ventilated by hand with 3 litres/min. each of nitrous oxide 
and oxygen, using a non-rebreathing valve. There was not the slightest difficulty, 
but when spontaneous respiration returned, there was a moderate tracheal tug, 
reduced tidal volume and dyspnoea when consciousness returned. He was able to 
return to the ward after ten to fifteen minutes, breathing oxygen from a polymask. 


ANALYSIS OF CASE REPORTS 


It is significant that, in the initial stages, the central nervous system 
was fully active; spontaneous respiration commenced at the expected 
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time and many patients regained consciousness before lapsing again 
into coma which was secondary to asphyxia. There was no need to 
postulate an abnormal central depressant action of relaxants in these 
cases. 

In spite of the respiratory depression, amounting to apneea in some 
cases, there was no weakness of the voluntary muscles either. On the 
contrary, there was powerful activity of all the respiratory muscles, 
the limbs, eyes and lower jaw which diminished only when asphyxia 
became pronounced. Neostigmine, when it had any effect, increased 
the muscular effort without effect on the tidal volume apart from an 
occasional decrease and often precipitated restlessness. 

Several patients about to undergo operation were curarized 
experimentally to reduce their tidal volumes to a similar level. There 
were some striking similarities in the pattern of respiration which are 
best illustrated by reference to spirometer tracings, but tracheal tug, 
dyspnoea and restlessness did not occur. Hypoxia was, of course, 
carefully avoided but the ensuing hypercapnia ‘esulted in the gradual 
cessation of all respiratory activity over a period of a few minutes. 
The differing clinical picture may perhaps be explained by the fact 
that the experimental cases were adequately anesthetized. 

Respiratory distress of all grades of severity has been observed. 
Simple oxygen therapy is successful in the mild cases which usually 
show obvious improvement within about thirty minutes; the severe 
ones require assisted or controlled respiration. Using this as a basis 
for classification there were: 


(a) 19 mild cases (54.3 per cent). 
(b) 16 severe cases (45.7 per cent). 


Three patients suffered a second attack after a subsequent anes- 
thetic while others, in the same circumstances, were only attacked 
once: in one case at least a significant difference in anesthetic 
technique was associated with this. Relatively deep anesthesia seemed 
to protect against the condition and it is probable that the increased 
incidence in the second year reflects the deliberate attempt to rely 
more on relaxants than central depressants, in conformity to some 
recent trends. 

Patients of all ages were affected (10 to 61 years), both sexes and 
the state of nutrition and general health did not appear to have any 
bearing on the incidence, in contrast to the prognosis. The condition 
followed operations of all kinds, whether of long or short duration. 
The number of women, however, was unduly high in relation to the 
fact that only about one-quarter of the cases coming for operation are 
female. Of the thirty-two patients affected by respiratory distress, 
fourteen were women (44 per cent). 
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FATALITIES 


The condition is potentially lethal. Complicating factors may seriously 
impede effective treatment. Old age and poor general health reduce the 
ability to withstand stress; emphysema adds greatly to the problem of 
ensuring gas exchange; a large bronchopleural fistula makes intermit- 
tent positive pressure respiration impossible. Most of the deaths were, 
in fact, the result of distressed breathing complicated by some other 


factor. 


LTH 
NUMBER 


2 276 


4 828 


6 938 


7 1349 


SEX RACE AGE TIME OF DEATH 
(HOURS AFTER 

OPERATION) 

M Chinese 37 20 
M Chinese 29 40 
M Chinese 39 48 
F Chinese 35 8 
M Chinese 29 5 
F Chinese 31 24 
days 

M Chinese 26 36 
Indian 61 24 


COMMENT 


Unexplained sudden coma after 
apparent recovery. Possibly lobar 
collapse. Another factor: fever of 
104°F increased oxygen demand, 
but none was given. 


Complicated by severe  para- 
doxical respiration after thoraco- 
plasty, re-operation for hemor- 
rhage and third anesthetic for 
tracheotomy. The latter did not 
improve ventilation and death 
occurred a few hours sub- 
sequently. 


Persistent cyanosis and signs of 
early circulatory failure; restless. 


Mod. size bronchopleural fistula, 
result of earlier pneumonectomy, 
was enlarged inadvertently at end 
of operation while aspirating 
trachea with suction catheter. 
Efficient ventilation by IPP was 
then impossible. 


Oxygen supply and suction failed 
(in the ward) at a critical moment. 


Sudden attack of laryngeal spasm 
caused death; there had been a 
similar unexplained attack pre- 
operatively. An episode of hypoxic 
coma (the result of morphine 
8mg) had been treated success- 
fully a few hours after operation. 


Inexplicable. Seemed well after 
twenty-four hours. 


Large alveolar air leak making 
IP P respiration unsatisfactory; 
re-opened in attempt to suture 
lung. 


- 


|_| 

( 

a 

a 
t 
I 

1 25 

= a 

— 

8 1568 

q 

| 


ANASTHESIA 255 


SPIROMETER TRACINGS OF RESPIRATION 


Graphic records of normal, distressed and curarized respiratory 
movements were obtained by connecting the endotracheal tube 
directly to a light spirometer: since this formed a to-and-fro closed 
system without absorber, the bell was first partly filled with oxygen 
and tracings obtained within a period of thirty seconds. The normal 
and the curarized patients were first anesthetized with small doses of 
thiopentone and suxamethonium; respiration was allowed to return 
to normal and anesthesia maintained in a light surgical plane with 
halothane and oxygen. 


Normal respiration 


This tracing was obtained from a male Chinese aged 55, about to 
undergo right thoracoplasty in stages (LTH no. 1657). Anesthesia, 
operation and the post-operative period were uneventful on the 
first occasion, but after the second stage he developed respiratory 
distress: for the first operation halothane had been used to supplement 
nitrous oxide but it had been omitted for the second, which was quite 
a short procedure. 

Normal respiration is smooth and regular and consis*s of three 
phases, inspiration, expiration and a pause. Data from this tracing 
are: 

Rate: about 28/min 

Tidal volume: 360m! 

Minute volume: about 10 litres 

Duration of cycle: 2.1 sec. made up as follows: 
inspiration 0.8 
expiration 0.7 
Pause 0.6 


Distressed respiration 


Tracing from male Chinese aged 46 (no. 1425) of similar stature to 
the above, following second stage left thoracoplasty (ribs 4 and 5 
were removed). Respiration is jerky, irregular and there is an inspira- 
tory plateau longer than inspiration itself. The tracing does not give 
any indication of the strenuous efforts the patient was making 
throughout the whole cycle. The relevant data are: 

Rate: about 12/min 

Tidal volume: varies from 120 to 1$uml 

Minute volume: about 14 to 2 litres 


Duration of cycle: 4.7 sec. made up as follows: 
inspiration 0.5 


plateau 0.7 
expiration 0.5 
pause 3.0 


A notch on the tracing is sometimes seen, 
both during inspiration and expiration. 
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SPIROMETER TRACINGS OF RESPIRATION 


| 1657 


Normal 
Distressed 

Transitional Curarization 
Partial Curarization 


Expiration 


Inspiration 
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Curarized respiration 


Tracing 3B is from a partially curarized subject in the sense that 
controlled ventilation was easily instituted immediately afterwards. 
The patient was a male Chinese aged 54 about to undergo thoraco- 
plasty (no. 1567). After a steady level of anesthesia had been obtained, 
7.5mg d-tubocurarine was given intravenously: this tracing was 
taken when four minutes had elapsed. 

The amplitude of respiration was identical with that of the previous 
case and the presence of an inspiratory plateau gives the pattern a 
striking resemblance to that of respiratory distress. On the other hand 
there is not the same abrupt transition from one phase to another 
which mirrors the clinical sign of jerky breathing: in curarization 
breathing is smooth, regular and at a more normal rate. Clinically 
there are no signs of increased effort. The data are: 


Rate: about 22/min 
Tidal volume: 150ml 
Minute volume: about 3} litres 
Duration of cycle: 2.7 sec. made up as follows: 
inspiration 0.4 
plateau 0.4 
expiration 0.4 
pause 1.5 
A notch may sometimes be seen on the expiratory part 


Transition 


Tracing 3A illustrates the transition from normal to curarized 
respiration and is from the same patient (no. 1567) about one-and-a- 
half minutes after administration of curare. Tidal volume is the same 
and rate slightly faster, but there is no inspiratory plateau. 


EMPIRICAL TREATMENT WITH DRUGS 


In the course of many hours spent personally supervising the cases 
various drugs were given in the hope of alleviating the condition. They 
were given cautiously in small amounts, up to the normal pharma- 
copeeic dose. There was often time to assess the affect of more than one 
drug on a single case; tidal volume was measured with a Wright 
meter® which, although not accurate, affords reliable comparisons 
within limits. It is not worthwhile to enter into a detailed account, for 
little success attended the efforts, but a list is given, followed by a few 
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Neostigmine (up to 3.75mg) with atropine Atropine 
Ephedrine D-tubocurarine 
Suxamethonium Nalorphine 
Amiphenazole Nikethamide 
Vanillic acid diethylamide Chlorpromazine 
Pethidine Diethazine 
Aminophylline Isoprenaline (zrosol) 
Adrenaline Procaine (intravenous, 
Lignocaine (intravenous, tracheobronchial tracheobronchial spray) 
spray, instillation) Ether (inhalation) 
Adrenal corticoids 


It has already been noted (Case Report A) that nitrous oxide lessened 
the distress and increased tidal volume and to a small extent this was 
true of other drugs with an analgesic or central depressant action. 
Neostigmine, on the other hand, increased the distress and was 
sometimes seen to decrease tidal volume. An attempt to abolish 
tracheobronchial reflexes by instilling 4ml 4 per cent lignocaine 
down the trachea failed to bring about improvement. Inhalation of 
ether with oxygen was more successful but this line of treatment was 
not pressed to its logical conclusion for fear of complicating the 
situation: a surprising fact was the complete absence of response 
when the patient was suddenly exposed to the maximum concentration 
of vapour. Atropine successfully relieved bronchospasm and brady- 
cardia during operation on one occation but not post-operatively, 


DISCUSSION 


All the physical signs observed in these cases can be explained on the 
basis of initial airway obstruction which results in the secondary 
features of asphyxia, pulmonary hyperinflation, pulmonary oedema 
and circulatory failure. 


Airway obstruction 


There is inadequate tidal exchange and poor air entry on ausculta- 
tion; the thoracic cage fails to expand during attempted inspiration 
and the soft tissues (intercostal spaces and root of neck) are sucked 
in because of the greater power of the diaphragm ; excessive abdom- 
inal movement is another sign and in cases of total obstruction the 
combined effect is the characteristic ‘see-saw movement’ of chest and 
abdomen. Tracheal tug is, again, the result of powerful diaphragmatic 
contraction overcoming the opposing weaker action of the laryngeal 
elevator muscles, of which the mylohyoid and anterior belly of 
digastric are accessible to palpation. 
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The site of obstruction must clearly be very low in the tracheo- 
bronchial tree. Within the limits of bronchoscopic vision no lumen 
was actually found blocked even though there was narrowing and 
often a little mucus in the early stages, or white froth after a few hours. 
Smooth muscle is proportionately more developed in the smaller 
tubes and forms minute sphincters around the openings of the alveolar 
sacs. Smooth muscle spasm at this level would explain the usual 
absence of audible evidence of bronchial spasm; at most it was 
possible to detect faint whistling of high pitch during expiration, 
even when tidal volume was only moderately reduced. 


Asphyxia 
A rapid sequel to airway obstruction. The patient becomes cyanosed 
and there is a variety of changes in blood pressure and pulse rate. A 
common pattern is an early rise of BP and fall of pulse rate; later this 
is reversed and arrhythmias develop. Both hypoxia and hypercapnia 
delay the return of consciousness and may give rise to other mani- 
festations of cerebral depression and to post-operative nausea and 
vomiting. 

Pulmonary hyperinflation 
This is a normal response to airway obstruction. In extreme cases the 
whole chest is tympanitic on percussion and cardiac and liver dullness 
both absent. The sternomastoid muscles become prominent and do not 
relax properly even in expiration. Hyperinflation led to a mistaken 
diagnosis of spontaneous pneumothorax on one occasion and a 
needle was inserted into the chest. 

Hyperinflation may play some part in the causation of dyspnea 
according to Campbell !°. 


Pulmonary edema 


When there is total airway obstruction the muscles of inspiration may 
produce within the chest a negative pressure of over 50cm water in 
their attempts to overcome it. This upsets the balance of opposing 
hydrostatic forces acting across the pulmonary capillary wall and 
cedema results. Clinically, after several hours of respiratory distress, 
crepitations have been heard on auscultation of the healthy lung and a 
little white frothy fluid has been observed at bronchoscopy. Hypoxia 
is another factor in this connection. 


Circulatory failure 
After some hours the pulse volume diminishes and the limbs become 
cold and pale. Pulse rate rises and blood pressure falls. It may be 
difficult to exclude hemorrhage with certainty and blood transfusion 
should be commenced and perhaps a noradrenaline infusion, but 
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in some cases these signs merely indicate unsuccessful treatment and 
any improvement is only temporary. 

The raised intrapulmonary pressure occasioned by expiration 
against resistance may be a factor in circulatory derangement and 
there is the additional effect of a high inflation pressure if artificial 
respiration is employed. There is also a connection between poor 
peripheral circulation and bronchospasm during operation. 


TREATMENT OF THE ESTABLISHED CONDITION 


Mild cases are those not requiring artificial respiration. Once 
respiratory distress has been diagnosed, no further neostigmine 
should be given for efficient oxygen therapy will ensure oxygenation 
even when tidal volume is considerably reduced. Continued build-up 
of carbon dioxide in alveolar gas is, of course, evidence that the 
condition is severe. Restlessness must be avoided because it increases 
the demand for oxygen and the production of carbon dioxide: it 
appears immaterial which drug, or combination of drugs, is used 
though on general principles those which increase bronchomotor tone 
should be avoided. (Morphia did, in fact, cause a lapse into coma in 
one of the fatal cases.) 


Severe cases 


Oxygenation must be the first objective. The trachea is re-intubated 
and 100 per cent oxygen forced into the lungs until cyanosis disappears. 

For most cases artificial ventilation is then best carried out with 
50 per cent nitrous oxide and oxygen and monitored by carbon 
dioxide estimations of alveolar gas. In extreme cases, however, it 
may be necessary to use 100 per cent oxygen because adequate 
ventilation is impossible at first: diffusion respiration then plays an 
important part, and respiratory acidosis is inevitable. Such severe 
degrees tend to be self-limiting because the tracheobronchial reflexes 
become less active as carbon dioxide accumulates. 

An automatic respirator with a negative phase was not available 
for these cases. The negative phase can be simulated by applying 
positive pressure to the outside of the chest to assist expiration and 
such assistance, applied manually to several patients, almost doubled 
the tidal volume. 

Proper ventilation helps to prevent the development of circulatory 
failure but when early signs occur active treatment must be commenced 
without delay. In addition, if it is felt that the raised intrapulmonary 
pressure is responsible, it is worthwhile to re-curarize the patient to 
make IPP respiration effective at lower pressures. 

After a variable period of hours the resistance to inflation of the 
lungs decreases: spontaneous respiration is allowed to return with the 
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tube in place attached to a supply of oxygen-rich gas. If the patient’s 
unaided effort is satisfactory, alveolar carbon dioxide will remain 
steady or fall slightly, the endotracheal tube can be removed and the 
patient returned to the ward, breathing oxygen, with safety. A hearty 
cough on extubation is a reliable clinical sign that respiration has 
returned to normal. 


PREVENTION 


A rational method of prevention can be arrived at only from an 
understanding of the etiological factors. It has already been shown 
that the fundamental pathological change is lower respiratory tract 
obstruction. Although there is no response to bronchodilator drugs 
it seems reasonable to assume the obstruction is caused by spasm 
when bronchoscopy has demonstrated such a state of the trachea and 
larger bronchi. How does the bronchiolar spasm originate? Some of 
the factors which seem important are considered below. 


Intubation 


The insertion of a tube into trachea or bronchus often results in 
transient bronchospasm; inflation of the lungs meets with resistance 
which is not the least reduced by more muscle relaxant (unless, of 
course, the initial dose had been insufficient). Forcit’< inflation of the 
lungs with anesthetic gases rapidly alleviates the condition. The 
great activity of the tracheal reflexes in patients in this hospital is best 
illustrated by some results of compliance tests. A single value was 
obtained immediately after tracheal intubation (preceded by thiopen- 
tone, pethidine, topical lignocaine and 100mg suxamethonium) by 
inflating to 20cm water and measuring the exhalation. It is not sug- 
gested that a single value is necessarily very accurate but comparison 
with normal values shows a great difference: Comroe et a/.!1 give the 
following as normal: 


Compliance of lungs 200 ml/cm water 
Compliance of lungs and thorax 100 ml/cm water 


Results of compliance tests immediately after intubation 


LTH AGE SEX RACE PREDICTED VITAL ACTUAL COMPLIANCE 
NUMBER CAPACITY vc 
A typical normal patient 
1505 55 M Chinese 3,200ml iy A 55ml/cm 
Patients with varying degrees of bronchospasm 
1018 38 M Chinese 3,800 30% 27 
1332 39 F Chinese 2,470 by 4 24 
218 25 F Chinese 2,998 42% 18 
1522 22 F Indian 2,950 49% 9 
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The immediate effect of intubation on many patients is a clinical state 
indistinguishable from that of respiratory distress but it is not 
persistent. 

Pulmonary tuberculosis is associated with an active state of the 
bronchial tree. It is difficult to evaluate the importance of this for the 
number of non-tuberculous cases presenting for operation is not 
large: of the thirty-two patients suffering from respiratory distress 
there were two with bronchiectasis (which was non-tuberculous so far 
as could be ascertained) and two with other lesions. 

Curare is a known cause of bronchospasm through histamine 
release. The effect has been observed a number of times in this hos- 
pital; it has been characterized by coughing, an act which the patient 
suffering from respiratory distress cannot perform. It is also quite 
transient. 

Inadequate anesthesia. Paton’s review of the causes of post- 
operative apnea! mentioned the possibility of suspending respiration 
temporarily by various forms of sensory stimulation in animals. In 
the anesthetized human subject stimuli arising in the area of operation, 
particularly if this is the chest or abdomen, may have the same 
effect. Nosworthy?2 has described a likely mechanism: 

I am of the opinion that even slight tightening of the oblique adbominal 

muscles — as a result of uncovered stimulation — may be sufficient to trigger off 

constriction of the bronchiolar muscles. Even though complete relaxation of the 
skeletal muscles is re-established, the bronchioles may take some time to relax, 

or the lumen may remain narrowed for the whole operation. 

In his original report of neostigmine-resistant curarization, 
Hunter? noted all the cases were elderly and seriously ill. This is 
not true of most of the cases of respiratory distress, but it does suggest 
that some types of patient do not stand up well to surgical stimuli 
even though muscular paralysis prevents any obvious response. 
Enthusiasts of spinal, epidural and regional analgesia point to the 
unusual well-being of such patients after even the most extensive 
operations. In thoracic surgery, difficult dissection around the lung 
hilum introduces the additional factor of movement of trachea and 
bronchi over the tube. 


Racial predisposition 


Keating!® observed excessive autonomic reactions to surgical 
procedures in Jamaica. He describes the following signs: 


Labile hypertension on admission in 70 per cent of surgical patients. 
Sharp changes in blood pressure levels during operations under general 
anesthesia. 

Great difficulty in stabilizing the blood pressure during the employment of 
hypotensive techniques. 

Sudden contraction of the veins of the skin before intravenous injections 
or immediately after insertion of a needle. 

Excessive blood sugar elevation during surgery. 
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Signs 2, 3, and 4 have been repeatedly observed here: the excessive 
autonomic reaction necessitates a deeper level of anesthesia to bring 
about equivalent operating conditions and offsets to some extent the 
reduction in dosage usually accorded Asian patients on the ground 
of their small size. 

Keating also quotes Barnicot and Wolfison!4 who reported that the 
mean twenty-four hour urinary 17-ketosteroid excretion in Africans 
was about half that of Europeans under the same conditions, suggest- 
ing a cortical hormone deficiency and Friedmann!> who made 
similar observations on north and south Indians. 

Adequate depression of the tracheobronchial reflexes is the key to 
prevention of post-operative respiratory distress. Abolition of the 
reflexes, particularly from the carina, requires profound depth of 
anesthesia and at lighter levels it is the avoidance of precipitating 
factors, such as movement of the endotracheal tube, which holds 
them in abeyance. Chloroform is particularly effective in depressing 
the reflexes, while during induction with ether they first become more 
sensitive. Halothane is another potent anesthetic agent and with the 
advantages of being non-explosive, rapidly acting and comparatively 
safe. It can be used as a supplement to nitrous oxide to deepen 
anesthesia but careful attention must be paid to details and indeed, 
Johnstone!* warns against the use of halothane with d-tubocurarine 
and controlled ventilation. The successful result is demonstrated by a 
case already referred to (no. 1657) in which respiratory distress 
followed a short second-stage thoracoplasty though the first stage, for 
which halothane was used, was uneventful. It is not possible to 
predict with certainty which patients are going to require deeper 
planes of anesthesia and halothane can be effectively introduced 
at any stage of the operation if there is resistance to inflation of 
the lungs. Though this may be the result of insufficient muscular 
relaxation the two states can be clearly distinguished clinically: with 
adequate muscular relaxation and bronchiolar spasm not only is there 
delay in inflation of the lungs, but expiration is markedly prolonged; 
with a relaxed tracheobronchial tree but poor muscular relaxation, 
the lung fills easily and expiration is unusually short. With the former 
circumstances additional muscle relaxant is useless while 1 — 3 per cent 
halothane is effective in a few minutes. It is hoped to describe the 
method more fully at a later date. 


SUMMARY 


Thirty-five episodes of post-operative . =spiratory distress in thirty-two 
patients subjected to anesthesia for thoracic surgery have been 
described, three of them in detail. 
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The condition simulates prolonged curarization in some important 
respects and is another cause of post-operative apnoea. It may be fatal 
when associated with other complications. 

Reasons are given for ascribing it to persistent reflex bronchiolar 
spasm, the result of inadequate anesthesia in some patients. 

An anesthetic technique deeper than that commonly employed 
protects against the condition. 


Acknowledgement 


The Medical Superintendent, The Lady Templer Hospital for permission to 
seek publication. 


References 


PATON, W. D. M. (1958). Anesthesia, 13, 3, 253. 

*HUNTER, A. R. (1956). Brit. med. J., 2, 919. 

‘BURN, J. H. (1957). Brit. J. Anesth., 29, 242. 

*ZUCK, D. ibid. (1957). 29, 388. 

5GREEN, R. A. and GORDON, wW. (1957). Anesthesia, 12, 1, 86. 

*NUNN, J. F. (1958). Brit. J. Anesth., 30, 264. 

TCOLLIER, C. R. (1956). J. Appl. Physiol., 9, 25. 

8DAWKINS, C. J. M. and STEEL, G. C. (1957). Anesthesia, 12, 4, 426. 

*WRIGHT, B. M. Technical note on respiratory anemometer shown by the 
National Research Development Corporation at the 41st Physical Society 
Exhibition in 1957, 

10CAMPBELL, E. J. M. (1958). The Respiratory Muscles and the Mechanics of 
Breathing, Lloyd-Luke. 79-80. 

11COMROE, J. H. et al (1955). The Lung. The Year Book Publishers, Inc. /32 et 
seq. 

12NOSWORTHY, M. D. (1958). Anesthesia, 13,2, 111. 

13KEATING, V. (1955). Proc. World Cong., Anesthesiologists, 200. 
14BARNICOT, N. A. and WOLFFSON, D. (1952). Lancet, 1, 893. 
15FRIEDMANN, H. C. (1954) Lancet, 2, 262. 
18JOHNSTONE, M. (1956). Brit. J. Anesth., 28, 392. 


b 
r 


s 
u 
c 
n 
l 
tl 
6) 
i 


VOL 15 No 3 ANASTHESIA JULY 1960 


Prolonged apnea following the use of 
suxamethonium 


A case presenting some unusual features 
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Although reports of persistent apneea following administration of 
suxamethonium are not uncommon, this case is reported because of 
several peculiar features. 

On 11th June 1959 a male African child aged ten years was operated 
upon for excision of a palatal cyst and skin-graft to the area. The 
child was in good physical health, well nourished and with no other 
notable pathology present. His weight was 60 lb. 

The premedication consisted of pethidine 50mg and atropine 
1/100gr (0.65mg) given one hour before arrival in the operating 
theatre. 

The anesthetic was commenced at 9.15am using intravenous 
thiopentone (250mg), suxamethonium (anectine) 40mg followed by 
inflation of lungs with oxygen. The nasal passages had been sprayed 
with 4 per cent lignocaine containing adrenalin. On attempting to pass 
a nasal endotracheal tube (size 5 Magill), the cords were found to be 
almost closed and a further 40mg of suxamethonium (anectine) was 
given, again followed by oxygen inflation. The tube was now easily 
passed into the larynx, with no bruising or bleeding. The pharynx was 
packed with vaseline gauze and the anesthetic continued with nitrous 
oxide-oxygen (6:2 litre flow) and using controlled respiration. 

Halothane (0.5 per cent) was given for approximately two minutes, 
but as there was no evidence of spontaneous respiration, inflation was 
resumed with nitrous oxide-oxygen only. 


265 


266 ANASTHESIA 


It soon became apparent that persistent apnoea was present, but the 
operation was continued, lasting until 10.15am. Inflation was carried 
on, using now oxygen only. 

The pulse was good and the BP was 140mm/Hg systolic. Pupils 
were small and equal. 

Attempts were now made to terminate the apnea. 

To proceed systematically, we should have started by determining 
whether the respiratory paralysis was of central or peripheral origin 
by the use of appropriate electrical apparatus, but this procedure does 
not appear to be as simple as it sounds and was not attempted. 

In order to eliminate possible pharmacological depression of the 
respiratory centre, 2ml of nikethamide was given intravenously, but 
had no effect and later another 4ml intravenously also failed to 
produce a response. 

After about ten minutes, on the assumption that a dual-block may 
have occurred, tensilon intravenously (10mg) was given, but with no 
effect. For the same reason, atropine (1/100gr) followed by a small 
dose of neostigmine (up to a total of 1.0mg) were injected later also 
with no result. The latter was a questionable procedure, since there 
had been no response to the tensilon. In addition there was a danger 
that the neostigmine itself could cause a prolonged action of the 
suxamethonium. 

Mindful of the thiopentone, 10ml bemegride was given slowly 
intravenously. This had no effect, although at so late a stage (about 
one and a half hours since administration), this procedure was 
probably not necessary. 

Controlled respiration was continued, while no physical deteriora- 
tion was noticeable. 

A trial was made of short periods of under-ventilation and adding 
carbon dioxide to test for possible over-ventilation. 

Later hyperventilation with carbon dioxide absorption was tried 
out to deal with possibile accumulation of carbon dioxide. Neither 
procedure was of assistance. 

A blood-specimen had been taken at 10.45am for compatibility 
tests and for carbon dioxide combining-power (the latter was found 
to be 23m/eq). Our laboratory was unfortunately not able to have the 
pseudo-cholinesterase level measured. 

Fresh blood was ordered, as we now assumed that a low level of 
pseudo-cholinesterase was present. The pulse remained good, the 
BP was 110mm Hg and the pupils small and equal. 

While awaiting the arrival of the blood, solucortef was administered 
intravenously and another dose of tensilon given and again niketha- 
mide intravenously — all with no visible results. 

At 12.40pm transfusion of fresh blood was commenced, while 
controlled respiration was continued. 
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By about Ipm small spasmodic movements were observed at the 
diaphragm and this state of affairs went on for about half an hour 
(i.e. about three and a half hours after commencement). At about 
1.54pm, the movements were becoming more pronounced and regular 
and gradual improvement began. 

By 2pm there were regular respiratory contractions of the dia- 
phragm, but breathing was not adequate and respiration was assisted 
with the reservoir bag. 

It was now observed that a distinct tracheal tug was present and 
also irregular small muscular contractions of the eyes, head and 
hands and other parts of the body. This picture strongly suggested the 
condition of residual curarisation, often seen following the use of 
curare. Tensilon was again given (10mg intravenously) and as this 
improved the breathing, it was followed in a few minutes by atropine 
(1/100gr) and neostigmine (0.75mg). Within the next five minutes a 
dramatic change occurred, with rapid improvement in the breathing 
and progressive movements of the eyes, head, hands, etc. By 2.15pm 
the child was extubated, awake and moving about voluntarily and 
responding to questions and obeying orders. 

The apneea had lasted approximately five hours and there was no 
memory of events which had occurred during this period, although 
oxygen only was being administered. Many writers have stressed that 
nitrous oxide plus oxygen should be used in order to maintain the 
anesthesia. The following day the child was well and alert, with no 
physical or mental disturbance detectable. There was no indication 
that he remembered anything beyond ‘going to the theatre for an 
operation’. 

In this case, the following features were noteworthy: The child had 
had a previous anesthetic on 22nd May 1959 for ‘opening of a 
palatal abscess’. Thiopentone, suxamethonium, intubation and 
nitrous oxide-oxygen had been used and with no untoward effects; 
apneea lasting for five hours; development of a late dual-block. 
On two earlier occasions, this did not appear to be the case and yet 
towards the latter stages the child presented the appearance of 
‘residual curarisation’ and this cleared rapidly with the use of 
prostigmin; the initial dose of suxamethonium did not have the 
desired effect and produced a very indifferent state of relaxation; 
there appeared to be a state of central (cerebral) depression until the 
later stages when activity returned with dramatic suddenness. 


DISCUSSION 


What is the etiology of this persistent apncea? There are many 
theories. 
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Abnormally low level of pseudo-cholinesterase 


Hewer and Lee! suggest that this is the most likely cause. (Unfortu- 
nately in this case we were unable to obtain a measure of this level.) 
These patients are said to be ill clinically and may be suffering from 
severe anemia, liver disease, starvation, thyrotoxicosis or electrolyte 
imbalance. Our patient did not exhibit any evidence of such disturb- 
ances. Yet Lee? says that this ‘is unlikely to be the cause if the apnea 
is prolonged beyond twenty to thirty minutes’. 

Paton? maintains that he had doubts in this respect, since the 
biggest reductions in cholinesterase that have been reported, have 
been to about one-tenth of the normal level and might therefore cause 
an apneea of ten times the usual pericd (i.e. twenty to thirty minutes). 
The previous anesthetic in this case did not reveal any abnormal 
reaction to suxamethonium. 

Foldes‘ states that a low level of plasma cholinesterase never 
causes an alarmingly long duration of apnoea since the alkaline 
hydrolysis of suxamethonium accounts for up to 50 per cent of the 
total hydrolysis. He says that provided there is no acidosis, this 
alkaline hydrolysis will eventually terminate the effect of suxameth- 
onium even in the complete absence of plasma-cholinesterase. 


Overdosage 


In the opinion of Foldes* a moderate dose of suxamethonium is 
0.3 — 0.6mg per kilo of body weight. A child weighing 27 kilos should 
therefore have received a dose of 9 — 18mg. He says a ‘large dose is 
1 — 2mg per kg and this case could have been given 25 — 50mg as a 
total dose. Foldes regards the use of relaxants to the point of 
respiratory paralysis as being excessive and that apnoea may be looked 
upon as a complication of their use by producing unbalanced 
anesthesia. 

Overdosage of relaxant cannot be denied as a cause in this case. 

Churchill Davidson’ is of the opinion that the factor of over-dosage 
is the commonest cause of the apnea. 


Excessive formation of breakdown products 


If excessive amounts of suxamethonium are given over a long time 
there may be an accumulation of succinyl-mono-choline, which will 
inhibit enzymatic hydrolysis and also exert a considerable neuro- 
muscular block of its own. This product has only about one-twentieth 
of the relaxant effect of suxamethonium but is slowly hydrolysed. The 
final breakdown product is choline which itself can exert a neuro- 
muscular action! 

Paton® suggests that there may be an individual susceptibility, 
whereby these products have a prolonged action themselves. He 
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also suggests that occasionally the enzymes themselves may be 
abnormal and hold up the splitting of the suxamethonium. 


Occurrence of a dual block 


The initial depolarizing block produced by suxamethonium may give 
way to a non-depolarizing block®, which can be antagonized by 
edrophonium or neostigmine. It is said that this type of block is 
rarely seen after a single dose, but may occur after repeated doses or 
the use of a drip. In the case described, a dual block did develop 
eventually, although there had been no evidence of such during the 
first three hours. This was easily reversed and improvement rapidly 
followed. 


Central depression of the respiratory centre 


This may result from the action of drugs used in the premedication 
such as pethidine or morphine, or by the anesthetic drugs used e.g. 
thiopentone and their action may continue for a considerable time. 
Appropriate treatment directed to such possibility had no apparent 
effect and these causes were not considered further. 

A central action of relaxant drugs has been postulated by many 
workers and in this case there was a very definite appearance of 
central depression. In this regard, Paton? is of opinion that such 
action is improbable on quantitative grounds, as the amount which 
could possibly permeate the blood-brain barrier would be very small 
from a dose generally dispersed in the body. Also, if a central action is 
postulated, why is it not more common? He makes the suggestion 
that these relaxants may interfere with the proprioceptor inflow to 
the higher centres and thus contribute to a prolonged ‘sleep-like 
state’. Interference with the normal pattern of afferent inflow to the 
CNS may also reduce the respiratory drive. 

Here one might suggest that a state of complete muscular 
paralysis would possibly produce a picture very closely resembling 
that of central depression. In this case there appeared to be complete 
unconsciousness pari passu with the paralysis. On emergence from 
this state, as full muscular power returned, so complete consciousness 
returned also. 


Hyperventilation 
This cav'ses a decrease in the carbon dioxide tension below that neces- 
sary to stimulate the respiratory centre, so that this centre and the 
chemo-receptors of the aortic and carotid bodies are driven now only 
by the stimulus of anoxemia. 

This hypocapnia will result in a decrease of urea excretion and 
accumulation of urea in the blood. This will tend to increase the 
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depth of barbiturate anesthesia and lead to secondary depression of 
the respiratory centre. (Foldes.) 

Geddes and Gray® on the other hand in a recent article in the 
Lancet, find the use of hyperventilation ‘to be harmless and to have 
many advantages’. 

In this case, the effect of easing off of the controlled ventilation for 
one or two minutes allowing a natural rise of carbon dioxide to occur 
and also of adding carbon dioxide to the mixture were tried without 
avail. 


Underventilation 


This state of affairs will lead to an excessive retention of carbon 
dioxide with its ill effects, plus those of added hypoxia. This possibility 
was considered and vigorous ventilation with the use of a carbon 
dioxide absorber was instituted to exclude this as a cause of the 
apnea. 

Hypercarbia is considered by many authorities to be a very import- 
ant factor in production of the condition by damaging the respiratory 
centre and itself possibly causing unconsciousness. Even a short 
period of hypoxia may lead to serious and prolonged effects. 


Depression of the Hering-Breuer mechanism 


It has been suggested that prolonged stimulation of the pulmonary 
stretch receptor during positive pressure controlled respiration may 
interfere with the automatic rhythmicity of this reflex and that under 
such circumstances the centre will not resume its normal activity for 
prolonged periods after the cessation of the positive pressure. 

Some writers have laid great stress on this possibility and regard it 
as being of paramount importance in the causation of apneea*. One 
might be inclined to wonder why apnoea caused by this procedure is 
not much more frequent. 

Samson’ has stressed that over-ventilation by too large a tidal 
volume is the main cause of ‘reflex apnoea’ by interference with, and 
exhaustion of the Hering-Breuer reflex. He insists that if due attention 
is paid to the tidal volume and ventilatory capacity of each patient, 
one will prevent the occurrence of ‘persistent apnoea’. He states that 
‘atonic apnoea’ (from over-dosage) requires time and will pass off if 
the ventilation is correctly attended to; ‘reflex apnoea’ is due to exhaus- 
tion of the respiratory centre and will recover with resting of the 
alveoli from pressure. 


Reflex laryngeal apnea 
This may result from such causes as the pressure of an endotracheal 
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tube setting up inhibitory vagal impulses. With?-awal of the tube in 
such cases has often lead to the resumption of respiration. In the case 
described, a trial of this’procedure produced no effect. 


GENERAL 


It is possible that any one of these factors may be of prime importance 
in a given case, or it may well be that at any given time a combination 
of some or all of them are at work. It has been stressed that primarily 
a differentiation should be made by using electrical stimuli, between 
paralysis of a central type and that of periphera! origin. Suitable 
apparatus and experience is necessary before this can be satisfactorily 
carried out. 

Paton‘ suggests that one should enquire as to how unusual responses 
will come about and look for reasons that do not habitually operate, 
such as individual susceptibility to the anesthetic drugs used, as weil 
as investigating over- and under-ventilation. 

Some difficulties in assessment present themselves, such as the 
effect of the supportive therapy. What was the effect of the cortisone? 
Did the supply of fresh blood contribute anything in addition to its 
content of cholinesterase ? 


MISCELLANEOUS 


There are still other possible factors involved of which little is known. 
Of these one may mention potassium and calcium levels in the blood, 
reduction in body temperature, ‘upset of the acetylcholine-cholin- 
esterase system’ and the opinion of some that these patients are really 
‘hidden myasthenics’. 

One is tempted to quote Paton once more, that with regard to the 
possible causes of prolonged apneea and the use of re!2xants, ‘ideas 
are put forward which to adapt Churchill’s phrase may be described 
as hypothesis wrapped in a theory enshrined in a speculation’. 


SUMMARY 


A case history is presented of prolonged apnecea associated with the use 
of suxamethonium. The case exhibited several unusual features. The 
causes and theories associated with abnormally prolonged apnea are 
discussed. Over-dosage is possibly the commonest cause of difficulty, 
but it must be emphasised that the physiology and pathology of 
persistent apncea is not yet fully understood — the procedures to be 
adopted in treatment still present many problems. 
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Addendum 

Since the above paper was written the patient concerned was located and found to be 

— well. A blood specimen was obtained and it was ascertained that the ‘serum 
olinesterase had 12 per cent of the average normal activity’. (Editor, Anesthesia). 
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Drugs which stimulate affective behaviour 


3 Comparison of the effect of picrotoxin, pentylenetetrazol, bemigride, 
pipradrol, ectylurea, vanillic acid diethylamide and deanol 


ALLEN B. DOBKIN, mp 
Associate Professor of Anzsthesia 


Department of Anzsthesia (and Anesthesia Research Laboratory) 
University of Saskatchewan College of Medicine 


The effects of several drugs which were recently introduced for the 
treatment of mental depression have been tested to determine whether 
they might have some analeptic activity against thiopentone induced 
narcosis. Initial trials with imipramine (tofranil) and thioridazine 
(mellaril) indicated that they both had an obvious hypnotic effect and 
would not have any analeptic activity. On the other hand, pipradrol 
(meratron), ectylurea (nostyn), vanillic acid diethylamide (vandid) and 
deanol (deaner) seemed to have subjective effects which were similar 
to that of amphetamine, and little or no hypnotic activity was 
observed with these. 

Pipradrol has a definite cerebral stimulating effect without affecting 
the blood pressure or respiration and has been used to counteract 
post-anesthetic and chlorpromazine depression in man in a dose of 
2mg intravenously. The marked hyperexcitability induced in 
laboratory animals by pipradrol is characterized by spontaneous and 
continuous purposeful co-ordinated movements. The duration of 
excitement increases as the dose is increased, but its intensity increases 
only slightly. Disorganized activity and convulsions do not occur 
until near-lethal and lethal doses are reached. When a small dose of a 
long-acting barbiturate is administered first, pipradrol causes complete 
awakening and physical arousal of the animal. When deep, but not 
lethal depression is produced with a large dose of barbiturate, the 
administration of pipradrol causes signs of cerebral stimulation 
(head movements, awareness, chewing, attempts at righting, efc), 
but does not cause complete physical arousal. The period during 
which pipradrol completely antagonizes effects of deep burbiturate 
depression is brief unless the injections are spaced. However, pipradrol 
is ineffective against lethal barbiturate depression. Pipradrol differs 
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from amphetamine in that its action is more intense at higher centres, 
it lacks pressor activity, there is no post-excitement depression, and 
it does not depress the desire for food as occurs with amphetamine. 
Pipradrol differs from picrotoxin and pentylenetetrazol in that it 
does not cause convulsions in non-lethal doses, has a low acute 
toxicity and possesses a wide margin between effective and toxic 
doses! 2 

Ectylurea was prepared by Newberry in 1925, but no pharmaco- 
logical studies were reported until 1953 and clinical reports only 
appeared in 1956‘ ® ®, Ectylurea in therapeutic amounts has no effect 
on the autonomic nervous system. Blood pressure, pulse rate and 
respiration are unaffected and it has no convulsant, analgesic or 
antispasmodic activity in animals. No hypnotic effect is observed 
unless given in a large dose. It has been used mainly to relieve 
apprehension without causing drowsiness, and has a very wide margin 
of safety? 8. It is difficult to use intravenously because it is virtually 
insoluble in water and only soluble in warm propylene glycol up to 
3 per cent. 

Vanillic acid diethylamide was synthesized in 1952 by Kratzl and 
Kvasnicka in Vienna. Pharmacological studies showed that it was 
fifteen times as effective as nikethamide and four times as effective as 
pentylenetetrazol as a respiratory stimulant. This activity was 
attributed to stimulation of the medullary respiratory centre® 1°, 
Initial clinical reports indicated that his substance has a potent 
rousing effect on patients with severe respiratory depression or who 
are unconscious from an overdose of a hypnotic drug. When admini- 
stered intravenously to a normal awake human, it causes tachycardia, 
palpitation and a striking stimulation of respiration!!. This substance 
in a dose of 1 —-4mg/kg intravenously is now being used for the 
treatment of severe drug poisoning. It appears to have a very potent 
rousing effect and stimulates breathing, without any significant effect 
on the blood pressure, or evidence of motor stimulation in man. 

Deanol contains 2-dimethylaminoethanol, which is a_ natural 
constituent of the body. Its para-acetamidobenzoic acid salt is now 
being used for the treatment of simple depression, nervous exhaustion, 
periodic headaches and chronic fatigue states, much as amphetamine 
has been used. However, its action is not accompanied by emotional 
excitement, irritability, jitteriness, or loss of appetite. In 1946 it was 
used to counteract cardiac failure produced by pentobarbital??. 
Some ten years later, when Pfeiffer and Jenney were searching for a 
long-acting parasympathomimetic agent or precursor of acetylcholine 
which might be a stimulant of the central nervous system, they found 
that deanol acted in this way without causing a rise in blood pressure 
or body temperature in man!%. Recent studies have shown that 
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2-dimethylaminoethanol is converted rapidly to choline by methyl- 
ation. It appears also that deanol crosses the blood-brain barrier and 
may be converted to acetylcholine intracellularly!*. Deanol lowers 
the convulsive threshold for pentylenetetra7ol-induced seizures in 
rats!5, and it antagonizes some of the effects of pentobarbital on the 
electroencephalogram !°. Clinical reports are now beginning to appear 
which recommend the use of deanol for the treatment of mental 
depression !?. 

These four drugs were compared with picrotoxin, pentylenetetrazol 
and bemigride to determine whether a single intravenous dose, which 
was within the therapeutic range and had no undesirable side effects, 
would have an analeptic effect and would stimulate breathing. 


METHOD 


Cross-over experiments were carried out four times at weekly 
intervals with each drug. Ten mongrel dogs of comparable size 
(8.5 — 13kg) and age were used. The method employed was the same 
as reported previously! 1%. In every experiment, each dog received 
25mg/kg of thiopentone intravenously in a two per cent solution. This 
was injected rapidly (200mg/min) and was followed, at alternate 


Table | 


GENERIC NAME 
CHEMICAL NAME TESTED 


FORMULA 


CH 
2 2 


Metrazol Pentylenetetrazol 10 mg/kg 


Pentamethylenetetrazol 


Bemigride 10 mg/kg 
Bethyl- B methyl-glutarimide 


Pipradrol 
HN CH, a-(2-piperidy!) Benzhydrol 
hydrochloride 


2 mg/kg 


" Ectylurea 10 mg/kg 
H-C-CH, 2-ethyl-cis-crotonylurea 
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Table 2 
Summary of data showing the effect of test drugs on thiopentone narcosis in dogs 
RECOVERY TIME (minutes) RECOVERY TIME (minutes) 
DOSE HEAD UP LEGS UP 

DRUGS TESTED MG/KG MEAN* SD % DIFF. SIGNIFICANCE MEAN* SD % DIFF. SIGNIFICANCE 
Thiopentone 25 65 20 .005> p 95 33 .001 

-29 ~46 
+ picrotoxin 0.3 48 15 >.001 55 16 
Thiopentone 25 64 17 73 18 

-67 -68 .001. 
+ pentylenetetrazol 10 21 ll 23 li 
Thiopentone 25 $2 18 .01>p 64 17 .005> p 
+ bemigride 10 35 16 > .005 44 17 > .001 
Thiopentone 25 46 24 .005> p 54 28 .005> p 
+ pipradrol 2 24 12 > .001 29 13 > .001 
Thiopentone 25 43 17 47 17 

+27 01 +24 01 
+ ectylurea 10 59 22 67 25 
Thiopentone 25 62 21 70 19 
+ vanillic acid +5 0.4 +9 0.7 

diethylamide 5 6s 31 76 32 

Thiopentone 25 52 16 05> p 66 19 0.1>p 

+ + 
+ Deanol 5 64 17 > .025 73 21 > .05 


* Each mean time represents average of 20 administrations of thiopentone alone and with the test drug 


cross-overs, by the rapid injection of the test drug. TABLE 1 shows the 
names, chemical formula and dose selected after preliminary trials of 
each drug tested. 


RESULTS 


A summary of the data from each of the seven series of experiments is 
shown in TABLE 2. All data were analyzed statistically for standard 
deviation, error of the mean and Fisher T test for probability of 
significance. 

The apnoea which was induced by the rapid injection of thiopentone 
was reversed immediately in the experiments in which picrotoxin, 
pentylenetetrazol, bemigride, pipradrol and vanillic acid diethylamide 
were administered. There was no evident difference in the duration of 
apnea between the control tests (thiopentone alone) and those with 
ectylurea and deanol. 

Picrotoxin 0.3mg/kg reduced the recovery time from thiopentone 
anesthesia by 29 per cent and the time for ambulation by 46 per cent. 
These differences were highly significant. None of the dogs had any 
gross signs of twitching or convulsions, but had an increase in the 
breathing at the dose level that was tested. 

Pentylenetetrazol 10mg/kg reduced the recovery time from thiopen- 
tone anesthesia and time for ambulation by 67 per cent. These 
differences were highly significant. The only observation after the 


administration of pentylenetetrazol was a marked increase in 
breathing. 
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Bemigride 10mg/kg reduced the recovery time from thiopentone 
anesthesia and time for ambulation by 35 per cent. The differences 
observed were highly significant. 

Pipradrol 2mg/kg reduced the recovery time from thiopentone 
anesthesia by 29 per cent and the time for ambulation by 46 per cent. 
The differences observed were highly significant. 

Ectylurea and deanol had no analeptic activity and caused rather a 
prolongation of thiopentone sleep. 

Vanillic acid diethylamide S5mg/kg had no effect on the duration of 
thiopentone sleep, although it caused a definite stimulation of breath- 
ing for several minutes after administration. 


DISCUSSION 


The main consideration in treating a patient with severe drug 
poisoning, or with prolonged postanesthetic ‘sleep’ is to avoid any 
drugs that might well be harmful (myocardial, cerebral, or motor 
irritants) and to direct all therapeutic measures to the symptomatic 
support of the patient. Only when it appears that delay in the return 
of reflex responses and consciousness will cause further depression in 
a patient with a diseased heart, reduced cerebral circulation and poor 
pulmonary reserve, are heroic measures with stimulant drugs some- 
times justified. If these measures are delayed, bronchopneumonia, 
heart failure and vasomotor instability become overwhelming and 
survival may become impossible2°. Likewise, following prolonged or 
even moderate periods of general anesthesia, many of the major 
complications that are encountered in the immediate and late post- 
operative period are attributable in part to a delay in the recovery of 
consciousness and to depressed breathing. For these reasons, it may 
be advisable in selected cases to employ drugs which restore wakeful- 
ness and stimulate breathing. 

In defining the indications for the use of drugs in the treatment of 
unconsciousness and respiratory depression due to drug poisoning, or 
after general anesthesia, certain criteria should be fulfilled. The 
therapeutic agent must first have definite analeptic properties — that 
is, -- it must be effective in shortening the duration of unconsciousness?}, 
It must also have a potent stimulating effect on breathing, which 
persists for more than five to ten minutes after intravenous admini- 
stration. These effects should not be accompanied by an stimulation 
of the emetic centres, should not have more than a slight effect on the 
vasomotor centres and should have little or no irritant effects on the 
cerebral and spinal motor areas which might cause twitching or 
convulsions. The spaced, repeated administration of a ‘therapeutic 
dose’ of such a drug should not have a cumulative toxic effect on 
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vital organs and the stimulating effect should not be followed by 
delayed depression. 

There are no drugs available at this time which fulfill completely all 
these criteria and there may never be such a drug. Of those tested in 
this report and in a preceding study!®, several are worthy of further 
trial, either alone or in combinations. Picrotoxin and pentyleneterazol 
are still the most potent agents for restoring consciousness, but have 
the disadvantage of a narrow dosage margin in which to avoid 
convulsions. Bemigride is moderately potent for restoring wakeful- 
ness, appears to be more effective alone than when combined with 
amiphenazole and is a little less likely to cause motor irritability than 
picrotoxin and pentylenetetrazol. Pipradrol was an effective stimulant 
of breathing and restored consciousness as well as did picrotoxin 
without any evident side effects. Vanillic acid diethylamide appeared to 
be a potent respiratory stimulant, but failed to reduce the period of 
unconsciousness. 

It appears that it might be worth combining pentylenetetrazol with 
either micoren or R P 8228 from the previous study!%, or with 
bemigride, pipradrol or vanillic acid diethylamide. Such combinations 
might be efficacious for restoring consciousness rapidly and for 
stimulating breathing over a period of time which would be sufficient 
to allow the greater part of a depressant drug to be metabolized or 
excreted. 


SUMMARY AND CONCLUSIONS 


Seven series of cross-over experiments were carried out on dogs to 
compare the effect of picrotoxin, pentylenetetrazol, bemigride and 
four new drugs which are used to stimulate affective behaviour. The 
criteria for effectiveness were: the test drug must restore breathing in 
the dog immediately after its injection of a fixed large dose of thiopen- 
tone, adequate breathing must persist and recovery of consciousness 
and ability to ambulate must be significantly faster than in the control 
tests (thiopentone alone). The dose of each drug that was selected after 
preliminary trials was one which would not cause signs of central 
nervous system or spinal cord irritation (twitching and convulsions) 
or emesis. Pipradrol was as effective as picrotoxin, and bemigride but 
less effective than pentylenetetrazol. Vanillic acid diethylamide had 
no analeptic effect but caused marked stimulation of breathing. 
Ectylurea and deanol were ineffective. It is suggested that greater 
efficacy in the treatment of severe respiratory depression from drug 
poisoning and prolonged post-anesthetic unconsciousness might be 
derived from combining pentylenetetrazol with one of the following : 
Micoren, R P 8228 (previously reported), bemigride, pipradrol or 
vanillic acid diethylamide. 
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CORRECTION 


The sub-title of Professor Dobkin’s second article (Anaesthesia, 15, 146) should 
read: 2 Comparison of the analeptic effect of d’amphetamine, bemigride with 
amiphenazole, methylphenidylacetate, iproniazid, prethcamid (micoren) and 
RP8228. 
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Since Neff et al‘ first used pethidine to supplement thiopentone- 
nitrous oxide-oxygen anesthesia a large number of analgesic drugs 
have been tried for this purpose. With the possible exception of 
alphaprodine? none of the drugs employed to date has any appreciable 
advantages over pethidine which remains the most widely used 
narcotic analgesic for supplementation of anesthesia. 


FIG. 1 Formule of pethidine and anileridine 
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A new analgesic, anileridine dihydrochloride, has recently been 
developed whose properties suggest that it might have advantages as 
an anesthetic supplement. The present paper reports a comparative 
study of anileridine and pethidine as adjuncts to thiopentone-nitrous 
oxide-oxygen anesthesia 

Anileridine is : 1-(4-aminophenethyl)-4-phenylisonipecotate di- 
hydrochloride, and is chemically related to pethidine, as will be seen 
in FIG. 1. 


METHOD 


In order to eliminate some of the variables which complicate the 
comparison of analgesic drugs during anesthesia, the following 
experimental conditions were imposed. 

1 The extremes of age were excluded; only patients aged 18-60 
years were studied. All patients were in good, or moderately 
good, general condition. 

2 No selection was employed in deciding which of the two 
analgesics should be administered to any patient. (However, 
towards the end of the study an attempt was made to equalise 
the number of cases in each operation group.) 

A standard dose (7mg/kg) of thiopentone was used for induction 
of anesthesia and only in exceptional cases was any further 
thiopentone given (see below). 

4 Nomuscle relaxants were used in the maintenance of anesthesia. 
Under these conditions two groups of 120 patients each received 
respectively pethidine or anileridine as supplements to thiopentone- 
nitrous oxide—oxygen anesthesia. 


CLINICAL TECHNIQUE 


Premedication was with morphine (8-11mg according to size) and 
atropine (0.64mg) given about one hour before operation. Anzs¢‘iesia 
was induced with 7mg/kg thiopentone sodium. If intubation was 
necessary 30-40mg suxamethonium was administered and the 
pharynx sprayed with 2 per cent amethocaine before introducing the 
tube. In all other cases the pharynx was sprayed with local anzs- 
thetic solution and an oral airway inserted. 

Nitrous oxide and oxygen were then administerea by semi-open 
circuit. The flow rate was initially 2 litres oxygen and 8 litres nitrous 
oxide per minute; the nitrous oxide flow was gradually reduced over a 
period of ten minutes to 6 litres/min. As soon as adequate spontan- 
eous respiration was established after commencement of nitrous 
oxide-oxygen administration the first dose of analgesic was injected, 
either through a Gordh needle or via an intravenous drip. The initial 
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dose of pethidine was 15, 20, 25 or 30mg and that of anileridine was 
5, 7.5, or 10mg, depending on the size of the patient. Thereafter 
further doses of 10 —- 20mg of pethidine or 2.5 —- Smg of anileridine 
were given when necessary as indicated by the usual signs of lightening 
anesthesia such as rapid respirations, breath holding, coughing on the 
tube, grimacing, tightening of muscles or movement in response to 
surgical stimulation. Three to five minutes were allowed after an 
injection of a dose of analgesic so that its full effect could be noted; 
if the patient was still insufficiently anesthetised, a further dose was 
then given. If the patient was seen to be almost awake or on the rare 
occasions when repeated doses of analgesic failed to still his move- 
ments, a dose of 50-100mg of thiopentone was given. Whenever the 
breathing was depressed, respiration was assisted by manual 
compression of the bag. If at the end of anesthesia spontaneous 
respiration was considered inadequate, 0.5 to Img of levallorphan 
was given. Finally the time taken to the return of consciousness and 
the occurrence or absence of coughing on the tube was noted. 


RESULTS 


The age, weight and sex distribution of the two series of patients are 
shown in TABLE 1. Analysis shows that the two populations are 
statistically homogeneous. The operations performed are shown in 
TABLE 2. 


Table 1 


Distribution of patients 


PETHIDINE ANILERIDINE 

MALE FEMALE FEMALE 
NUMBER OF CASES Ad 16 48 72 
Average age (years) 42 44 38 43 
Average weight (kg) 70 62 70 64 


Dosage 
TABLE 2 also shows the average doses of the two analgesics required 
to achieve settled anesthesia and the average total doses needed for 
the various types of operation. There was considerable individual 
variation in the total dose of either drug required for any operation. 
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Table 2 


Operations and dosage 

PETHIDINE 

NO.OF AVERAGE AVERAGE fe AVERAGE 
OPERATION CASES DOSE TO TOTAL “ TOTAL 

SETTLE (MG) DOSE (MG) DOSE (MG) 

Varicose veins 30.5 57.3 a 16.4 
Colphorrhaphy 48.8 81.6 : 16.1 
ENT 28 7 11.5 
Orthopedic 37.5 14.7 


Breast operations 11 39.5 50.5 ‘ 10.6 
Genital 8 40 61.9 d 15 


Hernia 11 44.5 61.4 17.8 
Miscellaneous 7 34.3 36.4 14.2 


TOTALS 120 55.5 14.5 


It will be noted that on average the doses of pethidine and of anileri- 
dine required to settle the patient (i.e. in about the first fifteen minutes 
of anesthesia) were about 69 per cent and 64 per cent respectively of 
the total dose. The overall mean dose of pethidine was 55.5mg 
(0.79mg/kg) and that of anileridine was 14.5mg (0.22mg/kg). The 
amount of pethidine used per minute was 1.2mg and that of anileri- 
dine was 0.31mg/minute. From an average of these figures the dose 
ratio of the two drugs was 3.8 : 1. 


Table 3 
Duration of Anzsthesia 


DURATION NUMBER OF PATIENTS 
(MINUTES) PETHIDINE ANILERIDINE 


20 25 
58 

28 

7 

2 


An analysis of the duration of anesthesia in the two drug series is 
given in TABLE 3. 

TABLE 4 shows the duration of effect of the doses used. Only doses 
which were administered to a sufficient number of patients to give a 
valid average are quoted. It will be noted that the interval between 
5mg anileridine doses was similar to that between 20mg pethidine 
doses and that there was a tendency to cumulative effect. 
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Maintenance of anesthesia 


Table 4 
Dose and duration of effect 
PETHIDINE ANILERIDINE 
FIRST DOSE 20mg DOSE S5mg 
DOSE % Of patients % of patients 
receiving 20mg 82.5 receiving S5mg 32.5 % 
Average duration Average duration 
of effect 16 minutes of effect 20 minutes, 
DOSE 7.5mg 
% of patients 
receiving 7.5mg 55:3 % 
Average duration 
of effect 27 minutes 
DOSE 10mg 
% of patients 
Average duration 
of effect 21.6 minutes 
SECOND DOSE 10mg DOSE 5mg 
DOSE % of patients % of patients 
receiving 10 mg 23.6% receiving Smg 83% 
Average duration Average duration 
effect 16 minutes of effect 19 minutes 
DOSE 20mg 
% of patients 
receiving 20mg 68.9% 
Average duration 
of effect 20 minutes 
THIRD DOSE 20mg DOSE 5mg 
DOSE % of patients % of patients 
receiving 20mg 63.4 % receiving 5mg 82% 
Average duration Average duration 
of effect 26 minutes of effect 23.6 minutes 


In the majority of patients satisfactory anesthesia was obtained with 
both drugs employing the above technique. However, in thirty-six 
patients receiving pethidine and in twenty-seven who received 
anileridine, anesthesia was not entirely satisfactory. TABLE 5 shows 
that the inadequacies comprised repeated movement, repeated 
breath-holding and spasm on the endotracheal tube or repeated 
bursts of coughing. This latter difficulty necessitated removal of the 
endotracheal tube in four of the patients receiving anileridine. 
Finally, in six pethidine and seven anileridine patients a further dose of 
50-100mg thiopentone was necessary (almost invariably early in 
anesthesia) before smooth anesthesia could be established. 
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Table 5 
Patients showing unusual features during maintenance 


NUMBER OF PATIENTS PETHIDINE ANILERIDINE 


WITH SERIES SERIES 
Repeated movements 13 5 
Breatholding and 

spasm on tube 8 13 
Repeated Coughing 15 9 
Respiratory 

depression 9 11 


Whealing along the course of the injected vein, a not uncommon 
occurrence with pethidine, was not seen with anileridine. 


Respiration 


Throughout anesthesia the respirations were assisted whenever 
necessary. In nine pethidine and eleven aaileridine cases an undue 
degree of respiratory depression occurred. This was usually due to 
relative overdose and most commonly followed the initial dose. In 
those cases assistance of the respiration and, if necessary, a dose of 
0.5 to Img levallorphan tartrate was invariably effective. The average 
respiration rate of the patients in the pethidine series was 13.5 per 
minute and of those in anileridine series was 13.0 per minute. The 
mean minimal respiratory rate in the pethidine series was 10.3 and 
in the anileridine series 8.8 per minute. The geometric means are 
given here because of the asymmetrical ‘scatter’ in the individual 
results. Analysis shows that there is no statistically significant differ- 
ence between the effects of the two drugs on the respiratory rate. 


Circulatory changes 


There were no consistent changes in blood pressure which could be 
attributed to the analgesic supplementary agents. 


Table 6 
Pulse changes 
% of Patients 
PULSE CHANGE PETHIDINE ANILERIDINE 
Falling pulse rate 15.0% 11.8% 
Rising pulse rate 6.5% 9.8% 
Variable pulse rate 32.5% 30.0% 
Steady pulse rate 46.0% 48.4% 


Pulse. The overall trend of the pulse rates is shown in TABLE 5, the 
changes in the two drug series being very similar. 
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Recovery 


It is well known that recovery from this form of anesthesia is rapid. 
In the present series the mean time from discontinuing nitrous 
oxide—oxygen to awakening (i.e. obeying commands or opening the 
eyes in response to light tactile stimulation) was 4.1 minutes with 
pethidine and 3.0 minutes with anileridine. Because of the asym- 
metrical ‘scatter’ the geometric means have again been used. There is a 
significant difference between the recovery times in the two series 
(P—0.002). 

The rapid recovery of consciousness was accompanied by early 
recovery of the cough reflex. Sixty-two per cent of pethidine and 
63 per cent of anileridine cases coughed on the tube within three 
minutes after nitrous oxide administration had ceased. 

At the end of the operation the pulmonary ventilation was con- 
sidered to be inadequate in five pethidine and three anileridine patients ; 
these patients received levallorphan before return to the ward. 

There was no significant difference between the two drug series in 
the incidence of post-operative nausea and vomiting. 

No useful investigation of post-operative pain was found possible. 


DISCUSSION 


There are as yet, few reports of the use of anileridine as an adjunct to 
anesthesia. Chang ef a/? compared pethidine with anileridine as 
supplements to nitrous oxide-oxygen anesthesia. They found that 
respiratory depression was more pronounced with anileridine but the 
experimental conditions were different from those of the present 
study and the comparative doses which they used were 50mg pethidine 
to 30mg anileridine. Riffin et a/+ employed anileridine in doses of 
10-—12.5mg to supplement methitural—nitrous oxide—oxygen anzs- 
thesia but they did not compare its effects with those of other anal- 
gesics. Stage® supplemented anesthesia with anileridine which he 
administered as a continuous intravenous infusion of a solution 
containing 0.3mg/ml. However, the additional use of muscle relax- 
ants in his study makes it difficult to compare his results with ours. 

It has been our experience that anileridine is at least as satisfactory 
as pethidine for the supplementation of anesthesia but the perfect 
supplementary analgesic has still to be found. With either of the 
present two drugs this form of anesthesia falls short of ideal in a small 
proportion of cases and in the absence of muscle relaxants some 
volatile adjunct would be required to overcome the inadequacies. 

Early and adequate saturation with nitrous oxide is an integral 
part of this anesthetic technique and in prolonged operations the 
amount of narcotic required for satisfactory anesthesia progressively 
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diminishes. This feature has already been pointed out by Siker 
et al2. Although the technique is better suited to more prolonged 
operations, it has been found perfectly feasible to use it with either 
pethidine or anileridine for operations of as little as fifteen minutes 
duration, contrary to the opinion of Randall et al®. The early recovery 
of consciousness and of the cough reflex have been found most useful 
in ENT surgery ensuring a safe return to the ward. 


Relative potency 


The results of the present study show that anileridine is approx- 
imately 3.8 times more potent than pethidine and that the duration of 
action of a dose of Smg anileridine is similar to that of 20mg pethidine. 
These findings, although in agreement with Krantz and Carr? are at 
variance with those of other workers who, in post-operative pain 
studies, reported a lower relative potency for anileridine (Dripps 
et al®; Keats et al®; Daichene and Hébert!°). We have found!! that 
when given in the dose ratio recommended by Keats and his colleagues® 
anileridine is considerably more depressant to the respiration than 
pethidine. 


SUMMARY 


Anileridine has been used to supplement thiopentone-nitrous oxide- 
oxygen anesthesia in 120 patients and the results compared with those 
of 120 patients undergoing a similar range of operations who received 
pethidine supplementation. Anileridine was fully as satisfactory an 
adjunct as pethidine and in the dosage used has similar properties. 
Recovery of consciousness was significantly quicker in the patients of 
the anileridine series. The new analgesic was considered to be 3.8 
times as potent as pethidine. 
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Anti-emetic drugs in anesthesia 


A double blind trial of two phenothiazine derivatives 


D. D. C. HOWAT, MB, FFARCS 


Consultant Anesthetist, St George’s Hospital 
and Thoracic Surgical Unit, Brook Hospital 


The factors involved in post-operative nausea and vomiting are so 
many and varied that the difficulties of assessing the value of any one 
measure to prevent them are well-known to be considerable. For this 
reason, the author believed that it would be useful to conduct a blind 
trial of a phenothiazine derivative, promethazine, which, although it 
has an accepted anti-emetic activity, has not been subjected to such 
a trial in surgical and anesthetic practice, so far as the researches 
into the literature revealed. 

Holzmann and Josipowicz! gave promethazine to 106 surgical 
patients and gained the impression that it reduced the intensity of 
post-operative vomiting. Light et a/? gave promethazine parenterally 
in doses of Img/kg as a premedicant drug, up to 25mg in children and 
50mg in adults; in thirty-eight out of forty-three patients they found 
post-operative drowsiness. Eleven were given 12.5 to 25mg intraven- 
ously in the recovery room, when waking and beginning to vomit; 
ten were completely relieved and all required a prolonged stay in the 
recovery room on account of increased drowsiness. Dillon? gave 
intramuscular promethazine shortly after induction of anesthesia 
and again at the end of operation, to 267 cases; 68 per cent did not 
vomit post-operatively, as opposed to 51 per cent of controls; there 
was no hypotension attributable to the drug. Other authors give their 
clinical impressions, some with controls‘ 5 ® 7, There have been trials 
in conscious volunteers, in the prevention of sea-sickness* ® and of 
apomorphine-induced vomiting!°. 


METHOD OF INVESTIGATION 


In order to conduct a double blind trial, it was decided to choose 
another phenothiazine derivative which had also not yet been subjected 
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to such a trial. Prochlorperazine (stemetil) has been used for some years 
as a tranquillising agent in psychiatry, as a general anti-emetic drug?! 12 
18141516 and more recently, to control post-operative vomiting!7 18 19 
particularly in eye surgery?®. The usual dose was 5-10mg intra- 
muscularly or intravenously; drowsiness was unusual, and although 
signs of extra-pyramidal excitation (Parkinsonism) have been reported 
after two or more doses,?! 22 23 24 25 there is no report of its occurrence 
after a single injection. Chlorpromazine was first considered as a 
second drug, but rejected on account of its effect on the cardio- 
vascular system, which might cause difficulty in unselected patients. 

Three hundred cases were taken in sequence. No attempt was made 
to select them or to standardise the anesthetic procedure, with two 
exceptions. If a phenothiazine derivative had been given within 
twenty-four hours pre-operatively, or a stomach tube passed before, 
during or immediately after operation, the patient was not included in 
the trial. Most upper abdominal elective operations and very 
many abdominal emergencies were therefore excluded. The substances 
to be given were made up in ampoules indistinguishable from each 
other, except for a letter for luter identification; their contents were 
as follows: 


Solution F: Imi 2.5 per cent promethazine hydrochloride, 97 
ampoules. 

Solution H: Iml 1.25 per cent prochlorperazine dimethane sulphate, 
105 ampoules. 

Solution D: Iml normal saline, 98 ampoules. 


Each ampoule of F contained 22.5mg active promethazine and each 
of H contained 8mg active prochlorperazine. The dose given was 
1ml per 10 stone weight (140lb or 64kg); this is equivalent to 0.33mg/kg 
promethazine or 0.12mg/kg prochlorperazine and seemed a reasonable 
proportion in the light of the published results with the two drugs, 
sufficient to produce an anti-emetic effect without undue sedation. 
A random sequence of administration was supplied and strictly 
followed. 

Every patient was questioned about his post-operative sensations, 
and the nursing staff recorded the number of vomits. When a patient 
had an amnesia for emesis, as occasionally happened, the recorded 
emesis was taken. The symptoms were arbitrarily divided into none, 
nausea, mild vomiting (two vomits or less) and severe vomiting (three 
vomits or more); this does not, of course, take account of prolonged as 
opposed to short-lived nausea. 

Two hundred and seventy of the anesthetics in these two series 


were given by one of two anesthetists, but two others were concerned 
in the remaining thirty. 
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STATISTICAL NOTE 


The results were analysed in the following way; the response to the 
drugs was given a score, as follows: 

No symptoms 0; nausea 1; mild vomiting 2; severe vomiting 3. 
The mean response in each group was taken, e.g. in TABLE 3, the mean 
response for promethazine was: 


© x 38)+0 x x6 
3+4454+6 


= 0.60 


Each mean can be taken to be accurate to within twice the standard 
error (SE) in either direction, except in some of the finer analyses 
where numbers are small and the SE correspondingly large. If the 
mean is for example, 0.20+0.49, then the range of error cannot be 
taken to include negative values and the allowable upper limit must 
be considered as somewhat more than 2 sk’s above the observed 
mean, although the sE still provides a general indication of relative 
accuracy. The se of each mean is based on the pooled standard 
deviation within the groups. 


FIRST SERIES 


The drugs were injected intravenously just before or just after induc- 
tion with thiopentone, usually through the same needle, in the hope of 
minimising post-operative drowsiness. For the first 136 cases so 
treated, the results were subjected to a sequential analysis based merely 
on the presence or absence of symptoms (categories 1-3, in the method 
described above indicating presence of symptoms). This analysis 
showed that the overall difference in the incidence of nausea and 
vomiting between the two active substances and the control was 
non-significant and further suggested that statistical significance 
would not be reached until about 240 patients had been treated, i.e. 
approximately eighty on each drug. The overall results are shown in 
TABLE 1(A) and the incidence of delayed recovery (failure to regain 
full consciousness within two hours) in TABLE 2(A). 


SECOND SERIES 


As it seemed likely that the anti-emetic action of the drugs was 
falling off by the time the patients recovered, at least in some of the 
longer operations, it was decided to admir er them at the end of the 
operation, i.e. by intravenous injection | vefore transferring the 
patient from the operating table to the trolley or bed. This series, 
therefore, consists of 164 cases (TABLE 1B). The effect on recovery is 
shown in TABLE 2(B). 
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Analyses were also made in this series according to age, type of 
premedication, duration of anesthesia and time taken, but no 
statistically significant results were obtained and as some of the 
means were based on very small numbers and were, therefore, unlikely 
to be accurate, these figures are not reproduced. 


TOTAL SERIES 


As the tendencies in the two series were the same, although more 
marked in the second, it seemed justifiable to pool the results, and 
consider them as a whole. (TABLE 1(C), 2(C), 3-6). The results 
were as follows: 


Overall: promethazine and prochlorperazine were equally and 
significantly effective in reducing the incidence of post-operative 
nausea and vomiting, as contrasted with the control group. 


Sex: the same trend is shown clearly in women, but is not significant 
in men, although the trend is in the same direction. There is a highly 
significant increase in vomiting rate amongst women, as compared 
with men. 


Age and site of operation showed no significant effects, and the 
figures are, therefore, not reproduced. 


Premedication: there is only a suggestion that promethazine may 
be less effective than prochlorperazine after pethidine-atropine 
premedication. 


Anasthetic agents: there is a suggestion, just statistically significant, 
that the combination of analgesic drug and volatile halide agent gave 
rise to more nausea and vomiting and that promethazine was more 
effective than prochlorperazine in preventing this. 


Duration of anesthesia: as might be expected, those procedures 
lasting more than two hours gave rise to more symptoms than those 
lasting less time (just significant) and the active drugs appeared to be 
ineffective after the longer period. 


Recovery: there is no doubt of the delayed recovery of full conscious- 
ness after promethazine, as opposed to prochlorperazine and the 
control. 


DISCUSSION 


In an unselected group of 300 cases, there are naturally very many 
variable factors which render a detailed statistical analysis very 
difficult. It appears, however, from the figures quoted, that prometha- 
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zine and prochlorperazine are significantly effecti,. as anti-emetic 
drugs in all forms of surgery. This is shown much more clearly in 
women, who are more prone to post-operative nausea and vomiting 
than are men. There is also some reason to suppose that the 
combination of pethidine or dipipanone and trichlorethylene or 
halothane gives rise to more symptoms than the other sequences used 
in this series, and that promethazine is here rather more effective than 
prochlorperazine; this may in part be due to the sedative action of 
promethazine, which produces a very marked delay in return to full 
consciousness in a high percentage of cases. Both appeared to be much 
less effective after prolonged anesthesia. 

With the single doses of phenothiazine drugs employed in this 
trial, no toxic effects have been seen and at no time have they given 
cause for anxiety concerning the patient’s condition. 


SUMMARY 


A double blind trial of the anti-emetic effect of a single intravenous 
dose of promethazine and prochlorperazine was carried out in 
300 cases. 

Promethazine and prochlorperazine are about equally effective in re- 
ducing post-operative nausea and vomiting, prochlorperazine causing 
less post-operative drowsiness than promethazine, but showing some 
evidence of being less effective after some combinations of anesthetic 
agents. Both drugs are less effective after prolonged anesthesia. 

No toxic signs have been noted with either drug. 
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Table la 
Incidence of symptoms in 136 cases—drugs given pre-operatively 

SYMPTOMS PROMETHAZINE PROCHLORPERAZINE SALINE 
None 27 31 20 
Nausea 8 6 5 

Mild vomit 5 5 13 

Severe vomit 4 5 7 

Mean responses 0.68 +0.16 0.66 +0.16 1.16+0.16 
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Table 1b 
Incidence of symptoms in 164 cases—drugs given"post-operatively 


SYMPTOMS PROMETHAZINE PROCHLORPERAZINE SALINE 
None 38 38 22 
Nausea 4 4 4 
Mild vomit 5 8 14 
Severe vomit 6 8 13 
Mean responses 0.60 +0.16 0.76+0.15 1.34+0.16 

Table I(c) 

Results in all 300 cases 

SYMPTOMS PROMETHAZINE PROCHLORPERAZINE SALINE TOTAL 
None 65 69 42 176 
Nausea 12 10 9 31 
Mild vomit 10 13 27 50 
Severe vomit 10 13 20 43 
Mean responses 0.64 +0.11 0.71+0.11 1.26+0.11' 

Table 2(a) 

Effect on recovery in 136 cases—drugs given pre-operatively 

RECOVERY PROMETHAZINE PROCHLORPERAZINE SALINE 
Normal 40 45 43 
Prolonged 4 2 2 


‘Prolonged recovery’ =over two hours until full return of consciousness 


Table 2(b) 
Effect on recovery in 164 cases—drugs given post-operatively 
RECOVERY PROMETHAZINE PROCHLORPERAZINE SALINE 
Normal 40 56 53 
Prolonged 13 2 0 
Table 2(c) 


Effect on recovery in 300 cases 


Normal 80 101 
Prolonged 17 4 


RECOVERY PROMETHAZINE PROCHLORPERAZINE SALINE 
96 
2 
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Table 3 


Results in 300 cases (a) men 


SYMPTOMS PROMETHAZINE PROCHLORPERAZINE SALINE TOTAL 
None 35 34 29 98 
Nausea 4 3 3 10 
Mild vomit 4 3 9 16 
Severe vomit 2 1 1 4 
Mean responses 0.40+0.16 0.29 +0.16 0.57+0.16 
(6) women 
None 30 35 13 78 
Nausea 8 7 6 21 
Mild vomit 6 10 18 34 
Severe vomit 8 12 19 39 
Mean responses 0.85+0.14 0.98 +0.13 1.77+0.14 
Table 4 


Analysis of 300 cases according to premedication 


(a) papaveretum—hyoscine 

SYMPTOMS PROMETHAZINE PROCHLORPERAZINE SALINE 

None 55 50 27 

Nausea 10 8 7 

Mild vomit 5 9 20 

Severe vomit b 8 11 

Mean response 0.47 +0.13 0.67+0.13 1,23+ 0.14 
(6) morphia—atropine 

None 6 7 7 

Nausea 1 0 2 

Mild vomit 1 3 5 

Severe vomit 3 4 6 

Mean responses 1.09 +0.33 1,29+0.29 1.50+0.25 
(c) pethidine—atropine 

None 4 ll 6 

Nausea 1 2 0 

Mild vomit 4 1 2 

Severe vomit 2 1 3 

Mean responses 1.36+0.33 0.47 40.28 1.18 +0.33 


(3 cases received atropine alone) 
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Table 5 


Analysis of 300 cases according to anesthetic agent 


(all received thiopentone, nitrous oxide-oxygen, with or without a relaxant) 


SYMPTOMS 


None 

Nausea 

Mild vomit 
Severe vomit 
Mean responses 


None 

Nausea 

Mild vomit 
Severe vomit 
Mean responses 


None 

Nausea 

Mild vomit 
Severe vomit 
Mean responses 


None 

Nausea 

Mild vomit 
Severe vomit 
Mean responses 


(e) pethidine/dipipanone with trichloroethylene/halothane 


None 

Nausea 

Mild vomit 
Severe vomit 
Mean responses 


(a) no other agent 
PROMETHAZINE 
6 3 
1 0 
0 0 
0 1 
0.14+0.42 0.75 +0.55 
(b) trichlorethylene 
19 25 
1 3 
3 6 
3 3 
0.62 40.22 0.65 +0.18 
(c) halothane 
16 24 
5 
4 3 
3 1 
0.70+0.21 0.42+0.19 
(d) pethidine or dipipanone 
14 11 
4 2 
2 1 
3 
0.7440.23 0.62 +0.28 


10 6 

1 0 

1 3 

2 6 
0.64+0.29 1.60+0.28 


PROCHLORPERAZINE 


10 

2 
12 

5 
1.4140.20 


0.88 +0.22 


Anwn~ 


w 


9+0.26 
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1.77+0.30 
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Table 6 
Analysis of 300 cases according to duration of anesthesia 
(a) 0-2 hours 

SYMPTOMS PROMETHAZINE PROCHLORPERAZINE SALINE 
None 61 65 38 

Nausea 11 9 8 

Mild vomit 10 11 27 

Severe vomit 6 10 18 

Mean responses 0.58 +0.12 0.64+0.11 1.23+0.12 


(6) over 2 hours 


None 4 4 4 
Nausea 1 1 1 

Mild vomit 0 2 0 

Severe vomit 4 3 = 

Mean responses 1.44+0.37 1.40+0.35 1.00+0.42 
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The supine hypetensive syndrome 
Its importance to the anxsthetist 


FRANK HOLMES, FFARcS 


Consultant Anesthetist, Royal Infirmary and 
Simpson Memorial Maternity Pavilion, Edinburgh 


It has been noted that women in late pregnancy commonly have a 
lower blood pressure in the supine than in the lateral position and an 
analogous condition is occasionally observed in patients who have a 
large and mobile pelvic tumour. A recent study! showed the frequency 
of grave supine hypotension (a systolic blood pressure more than 
40 per cent lower in the supine than in the lateral posture) to have 
been 3.6 per cent in five hundred unselected subjects during the last 
month of pregnancy. The probable mechanism leading to this 
syndrome is impairment of venous return to the heart and consequent 
reduction in cardiac output as a result of compression of the inferior 
vena cava by the tumour when the subject is supine?. Another possible 
factor is the presence of marked lordosis of the lumbar spine. It 
has been pointed out by Bull® that when the inferior vena cava is 
encased by the posterior part of the liver for a considerable distance, 
lumbar lordosis can lead to compression of the vessel by rotating the 
liver downwards. Postural lordosis of the lumbar spine is common in 
late pregnancy and in the presence of large mobile tumours of the 
lower abdomen, but probably becomes less marked in the supine 
posture and is, therefore, unlikely to be an important factor in the 
causation of supine hypotension. On the other hand, this mechanism 
offers a likely explanation of the fainting of soldiers on parade and the 
circulatory collapse occasionally seen in patients positioned on a 
‘gall bladder bridge’. 

Methods of anesthesia and analgesia with the inherent effect of 
lowering blood pressure may reduce cardiac output to a dangerous 
degree in patients subject to grave supine hypotension. An earlier 
communication‘ suggests that supine hypotension together with 
extensive sympathetic paralysis was the probable cause of at least a 
proportion of the maternal deaths which have occurred when spinal 
analgesia was employed for cesarean section. Controlled respiration 
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is known to reduce venous return and it appears possible that this 
technique may also lead to a further iall in blood pressure i= supine 
hypotensive patients. 

Cases 1 and 2 illustrate the progress of two supine hypotensive 
patients while undergoing cesarean section under spinal block and 
the management adopted by the writer; the condition was known to 
exist in case 1, but was only discovered after induction of subarachnoid 
analgesia in case 2. Case 3 shows the effect of extradural block in a 
woman operated on for the removal of a massive ovarian cyst- 
adenoma and case 4 that of controlled respiration in a patient 
undergoing cesarean section. In neither of the latter two cases was 
supine hypotension suspected pre-operatively. 


CASE REPORTS 


Case 1 


This diabetic woman whose disease was well controlled, was aged 37 years. It 
was her third pregnancy, but her two previous babies had died. Elective cesarean 


AGE 37. GESTATION 35 WEEKS + 4 CAESAREAN SECTION AND STERILISATION. 
DIABETES — CONTROLLED HYDRAMNIOS + + 


246 86 246 RK KB F 
Minutes {S mins. Minutes 


F1G. 1 Shows degree of supine hypotension observed in case | immediately 
before operation. Hypotension became more marked after induction of limited 
spinal blockade, but was relieved as soon as uterus was displaced forward. 
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section was decided on at thirty-five weeks four days gestation because of 
rapidly increasing hydramnios. For about a week before operation the patient 
disliked lying on her back and it was found that her blood pressure was between 
60/50 and 70/60mm Hg in the supine and between 140/90 and 150/100mm Hg in 
the lateral position. Immediately before operation a similar difference was 
found, but her pulse pressure was now only 5mm Hg. 

Spinal analgesia was induced with 100mg procaine dissolved in Iml cerebro- 
spinal fluid and injected without barbotage between the third and fourth lumbar 
vertebra. Two minutes after the patient assumed the supine posture she became 
pale, her respiration increased in depth and her systolic blood pressure was 
40mm Hg. A long ‘sausage-type’ sandbag was now placed under her right side in 
order to produce a semi-lateral position, approximately 45° from the supine. This 
measure was designed to lessen the pressure exerted by the gravid uterus on the 
inferior vena cava. However, the patient’s systolic blood pressure remained at 
around 40mm Hg, but it is possible that the semi-lateral posture may have preven- 
ted a further fall. As soon as the uterus was delivered into the wound, systolic 
pressure rose to 100mm Hg and continued to rise thereafter to a level similar to 
that obtained pre-operatively in the lateral position. Spinal block was still fully 
effective at the end of the operation. Although the mother had been gravely 
hypotensive for nine minutes before delivery, the baby’s colour at birth was good 
and onset of spontaneous respiration immediate. The baby’s circulation and 
respiration remained satisfactory thereafter. 


Case 2 


This diabetic patient, aged 36 years, was in her third pregnancy, her two previous 
babies having been delivered by cesarean section. The diabetic state had been 
difficult to control throughout pregnancy and considerable hydramnios was 
present. Although the foetal head was not engaged the patient went into labour at 
thirty-five weeks three days gestation, two days before the proposed date of 
elective abdominal delivery. Supine hypotension had not been recognised, but the 
physician in charge of diabetic treatment had noted ‘lability’ of blood pressure 
together with pallor and faintness for the previous week or so. This was ascribed 
to the difficulty in achieving control of the diabetic condition. 

Emergency cesarean section was decided on shortly after the onset of labour. 
The writer had not seen the patient previously and when called to the operating 
theatre, found her in the lateral position ready for the induction of spinal 
analgesia. Her blood pressure was then 120/80mm Hg. Lumbar puncture was 
performed between the third and fourth lumbar vertebre and 100mg procaine, 
dissolved in Im] cerebro-spinal fluid, was injected without barbotage into the 
subarachnoid space. 

Within a few minutes of assuming the supine posture the patient became very 
pale. A few seconds later her pulse became impalpable and she was found to be 
unconscious. Semi-lateral Trendelenburg posture approximately 45° from the 
supine and 5° from the horizontal, was quickly achieved by placing a long 
sandbag under her right side and by effecting a lateral and head-down tilt of the 
operating table. This resulted in an immediate return of consciousness, a pulse 
rate of fifty-two beats per minute and a blood pressure clearly audible at 40/20mm 
Hg. At this point abdominal section was started and as soon as the uterus had 
been delivered into the wound, blood pressure was 90/70mm Hg; thereafter the 
pressure rose steadily to normal levels. Spinal block was still fully effective at the 
end of operation. The infant was born in a state of asphyxia pallida, but two 
minutes later it began to cry lustily and breathe satisfactorily and its condition 
gave no further cause for worry. 
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AGE 36. GESTATION 35 WEEKS +3. EMERGENCY CAESAREAN 
SECTION AND STERILISATION. DIABETES-POORLY CONTROLLED. 
HYDRAMNIOS + + EARLY LABOUR. 
FOETAL HEAD HIGH. 
Patient Pole 
Pulseless Sandbag Removed 
from Right Side 
Spinal Analg. 
[een 
Lateral Supine Position : 5° Trendelenburg 730 
120} 
B. P HOF 3110 
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FIG 2 In case 2, in spite of limited spinal analgesia, grave supine hypotension 
with unconsciousness occurred. A measure of relief was achieved by raising 
patient’s right side and blood pressure returned to normal after uterus was 
displaced forward. 


Case 3 


This healthy-looking, active spinster, aged 54 years, was operated on for explor- 
ation of a large swelling of the lower abdomen. On admission her blood pressure 
had been 220/110mm Hg, but examination had revealed no other abnormalities. 

When on the operating table in the lateral position, after premedication with 
omnopon 20mg (gr:) and hyoscine 0.4mg (gr 1/150), the patient’s blood 
pressure was 150/100mm Hz. Extradural analgesia was induced by the injection 
of a total of 29ml of 1.5 per cent lignocaine with adrenaline between the third and 
fourth lumbar vertebrz (a test dose of 8ml being followed by a further 21ml). 
After the patient had been in the supine position for five minutes her systolic 
blood pressure was only 40mm Hg. Two or three minutes later she became very 
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AGE 


54. 


OVARIAN CYSTECTOMY 


[Patient Pale, Pulseless , Unconscious] 
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Minutes 


F1G. 3 Case 3 exhibited grave supine hypotension with unconsciousness while 
under extradural blockade. Prompt rise of blood pressure followed delivery of 
large ovarian tumour into wound. 


pale, appeared to be unconscious and her pulse was impalpable; however, she 
continued to breathe spontaneously. Endotracheal intubation and administration 
of oxygen was not resented by the patient. No postural adjustments were made, 
but 10mg methyl-amphetamine was injected intravenously, without apparent 
effect. The operation was now started. Neither pulse nor blood pressure could be 
elicited during the next fifteen minutes until an ovarian cyst-adenoma, about 
the size of a rugby football, was delivered into the wound. Immediately following 
this the patient became conscious and began to resent the endotracheal catheter, 
necessitating the administration of cyclopropane. At the same time her radial 
pulse became palpable and her blood pressure was 90/40mm Hg. Thereafter the 
patient's progress was uncomplicated. 
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Case 4 


This patient, aged 34 years and uniparous was over forty-one weeks pregnant. 
An emergency cesarean section became necessary after an unsuccessful attempt 
at forceps delivery for deep transverse arrest of the foetal head. While her blood 
pressure had been between 130/80 and 140/90mm Hg in the lithotomy position, 
it fell quickly to 60mm Hg systolic in the supine posture. In order to test the 
nature of this fall, the patient was turned on to her left side. This resulted in an 
immediate rise of blood pressure to 140/90mm Hg, but it returned to 60mm Hg 
systolic as soon as she was again placed on her back. From the start of cesarean 
section respiration was controlled and this resu. d in a further fall of systolic 
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FIG. 4 In case 4 degree of supine hypotension became more marked as a result 
of controlled respiration. Temporary move of patient into lateral posture 
(between 65 and 70 minutes) indicates nature of hypotension which was relieved 
as soon as uterus was displaced forward. 
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pressure to 35mm Hg over the next ten minutes. However, immediately following 
delivery of the uterus into the wound, blood pressure was 100/65mm Hg and 
rose quickly to normal levels. The baby’s condition was satisfactory on delivery 
and remained so. 


DISCUSSION 


Recognition of the supine hypotensive syndrome by the anesthetist 
is important, particularly when the use of subarachnoid or extradural 
analgesia is contemplated, but case 4 illustrates that the use of 
controlled respiration during general anesthesia can also result in 
serious hypotension when the syndrome is present. Many anesthetists 
will hold the view that this condition should be regarded as an absolute 
contra-indication to the use of extradural and even more so, 
subarachnoid block. However, it is the writer’s contention that, if for 
any reason general anesthesia is thought undesirable, the presence of 
supine hypotension need not preclude these forms of analgesia, as 
long as the nature of the condition and its management are under- 
stood. It is further suggested that in these circumstances subarachnoid 
is preferable to extradural analgesia, because the former allows the 
extent of sympathetic blockade to be limited more easily. In the 
writer’s experience, the wide individual differences in the anatomy of 
the extradural space make accurate limitation of extradural blocks 
difficult, and as paralysis of the higher sympathetic segments is the 
probable factor precipitating grave hypotension, this is an important 
consideration. 

Whenever supine hypotension is diagnosed the supine posture 
should be avoided. The patient should instead be placed in a semi- 
lateral position which will allow abdominal section to be proceeded 
with and yet minimise pressure on the inferior vena cava. It is 
doubtful whether Trendelenburg posture alone can materially 
increase venous return to the heart without prior relief of the pressure 
on the vessel. 

If spinal analgesia is to be employed in a pregnant patient, the 
following steps are suggested to avoid unnecessary upward extension 
of sympathetic paralysis: 


Limitation of dosage of the analgesic agent 


Sensory block up to the 10th thoracic segment is adequate for lower 
abdominal section and a comparatively small dose of the drug will 
suffice to reach this level; in the case of procaine 80 - 100mg, depend- 
ing on the individual length of the spinal column, has been found 
sufficient. 
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The use of an agent which is rapidly ‘fixed’ 


A slowly ‘fixed’ drug will have more time to spread in the subarachnoid 
space and although ultimately diluted below the concentration 
capable of blocking sensory fibres, will still paralyse the sympathetic 
fibres of the upper thoracic segments. Procaine has been found very 
satisfactory because it is ‘fixed’ rapidly. 


Avoidance of barbotage 
Barbotage promotes dilution and cephalad spread of the analgesic 
agent and is, therefore, likely to extend sympathetic blockade 
unnecessarily. For the same reason the injection of a greater than 
necessary bulk of solution is undesirable. It is the writer’s practice to 
dissolve 100mg procaine in Iml of cerebro-spinal fluid and inject 
rapidly without barbotage. 


Delay of ‘head-down’ tilt of the operating table until the agent is ‘fixed’ 
In the case of procaine, ‘fixation’ probably occurs within two minutes, 
but this will depend on dosage. 


Flattening of the lumbar spine by flexing the patient’s hips and 
elevation of her shoulders on a pillow 
This measure may be helpful in confining the drug to the lumbar and 
lower dorsal segments in the supine position if continued until the 
analgesic agent is ‘fixed’. 

If grave hypotension should develop in spite of this management, 
the patient’s legs should be raised as high as possible and operation 
started at once. While turning the patient into the -ateral position will 
restore venous return, it will also delay the ultimate correction of the 
condition, namely evacuation of the uterus or removal of the tumour. 

It is obviously important that the condition should be diagnosed 
pre-operatively and this is possible whenever the anesthetist has the 
opportunity to see the patient before operation. Diagnosis is simple, 
namely comparison of blood pressures in the supine and lateral 
positions, but it should be remembered that the syndrome occasionally 
develops only after the patient has been supine for ten to twelve 
minutes. Supine hypotensive patients commonly resist attempts to 
make them lie on their backs or volunteer the information that they 
dislike doing so, as in the case reported in an earlier communicaticn‘. 

It may be thought that the hypotension which occurred in cases 1, 
2 and 3 could have been due to sympathetic blockade alone. However, 
the striking rise in blood pressure which followed forward displace- 
ment of the tumour (relief of pressure on the inferior vena cava) in all 
three cases, although spinal blockade was fully effective at that time 
and for some time thereafter, appears to point clearly to the cause of 
hypotension. It is of interest that McLennan‘ noted a sudden fall to 
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normal levels in previously raised femoral venous pressures during 
cesarean sections and operations for the removal of large pelvic 
tumours immediately following evacuation of the uterus or removal 
of the tumour. 

Whenever grave maternal hypotension occurs the well-being of the 
baby is in question. Furthermore, the engorgement of the uterine 
veins which will result from compression of the inferior vena cava 
may be an additional factor in the impairment of placental circula- 
tion.* 7 The longer these abnormal conditions persist, the more 
serious are the effects on the baby likely to be. In case 2 definite ill- 
effects on the infant were evident, but circulation and respiration of 
this baby became normal two minutes after birth without any special 
resuscitative measures being employed. 

Case 3 demonstrates that vaso-pressor agents are unlikely to be 
effective unless compression of the inferior vena cava is relieved. 

Although the supine hypotensive syndrome usually develops only 
during the last month of gestation, it was present at an earlier stage in 
cases | and 2, probably because the presence of hydramnios and a large 
foetus caused the uterus to be larger than normal for that stage of 
pregnancy. The syndrome is only rarely observed after the onset of 
labour, probably because it tends to disappear whenever the fcetal 
head becomes engaged in the pelvis.! Cases 2 and 4 were in labour, 
but in both cases the foetal head was high. 

In view of the blood pressure levels observed following forward 
displacement of the tumour, it is suggested that sympathetic blockade 
must have been limited in these cases. It is apparent that in such 
patients extensive paralysis of the sympathetics and failure to relieve 
compression of the inferior vena cava could lead to a fatal fall in 
cardiac output. It is, therefore, strongly suggested that, whatever 
measures are taken to correct the condition, operation should not be 
delayed. 
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Disinfection of anzsthetic face masks 


F. O. MACCALLUM, Mb 
W. C. NOBLE, Bsc 


Virus Reference Laboratory and Air Hygiene Laboratory, Colindale 


An investigation of simple methods of disinfection of breathing 
equipment used in anesthesia and for patients with respiratory 
paralysis was carried out at the request of Breathing Machines 
Group, Medical Supplies Working Party, Ministry of Health. An 
anesthetic face mask and pieces of corrugated rubber anesthetic 
tubing were supplied by Dr A. B. Kinnier Wilson. 


TESTS WITH BACTERIA 


Penetration of air-borne bacteria through anesthetic tubing 


Air-borne clouds of mixed salivary organisms were generated in a 
300 cu. ft chamber by simulated sneezes. Clouds of dried micrococci 
were generated by blowing air through a dry powder consisting of 
micrococci mixed with talc. 

The air from the chamber was examined with a slit sampler, (A) 
directly and (B) after being drawn through about three feet of the 
corrugated anesthetic tubing. About 50 per cent of both bacterial 
clouds were retained in the tubing and 50 per cent penetrated its full 


length. 


Survival of bacteria on surface of tubing 


Overnight broth cultures of a representative number of bacterial 
species (staphylococcus aureus, streptococcus pyogenes, corynebacterium 
diphtheria, and escherichia coli) were deposited in 0.02ml volumes on 
the surface of the tubing, which was then allowed to dry. When the 
organisms were kept moist and in the dark, few of them died in 


Reprinted from the Monthly Bulletin of the Ministry of Health and the Public 
Health Laboratory Service, 1959, 78, 183, by permission of the Controller of 
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periods up to seven hours. When exposed to light, and especially 
when allowed to dry, the organisms died fairly rapidly, but a proportion 
survived the drying process, and experience from other fields suggests 
that such survivors may remain viable for long periods. The rubber 
did not appear to have any special bactericidal effect. 


Destruction of bacteria in tubing 


When the infected tube or face mask was washed for two minutes in 
running tap water at 60°C, it was found impossible to recover living 
bacteria from its surface. That this was not due to removal is suggested 
by the fact that the washing had little effect on the count when heat- 
resistant spores were used. 


TESTS WITH VIRUS 


As the problem of cross-infection with contaminated breathing 
equipment was raised in connection with poliomyelitis patients a 
Coxsackie virus (Bl), which has similar physical properties to 
polyioviruses, was used as the test organism. 


Survival of virus on surface of face mask and tubing 


The virus used was in the form of tissue culture fluid so that conditions 
were not exactly comparable to those with virus coming from the 
nasopharynx, and the titre of virus in some experiments was higher 
than that likely to be found in nasopharyngeal secretions or saliva. 
0.05 to 0.1ml of virus suspension was allowed to dry on the surface of 
the rubber at a temperature of 22 to 25°c in daylight; drying took 
two-and-a-half hours to three hours. The surface of the rubber was 
then washed with an equivalent amount of diluent containing pen- 
icillin and streptomycin and ten-fold dilutions were made from this. 
These fluids were then inoculated into mice less than twenty-four 
hours old. It was found that there was little or no inactivation of virus 
by the rubber itself during three hours. 


Destruction of virus on face mask and rubber tubing 


Similar preparations of dried virus were treated by stationary and 
running water at temperatures between 60°c and 100°c for one-half to 
two minutes. A similar extraction process was carried out and mice 
were inoculated with the fluids. It was found that most of the virus 
was destroyed by washing in tap water at 60°c for two minutes. 


SUMMARY AND CONCLUSIONS 


It is clearly desirable that, whenever possible, boiling water or 
autoclaving should be used for sterilization. It is possible to boil the 
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rubber tubing used in anesthetic apparatus and this seems to be the 
method of choice. Anesthetic face masks, however, suffer from 
exposure to boiling water. It is, therefore, recommended that they 
should be placed in a bowl of water (at a temperature between 60° and 
70°c) for at least two minutes and then the inner surface rinsed under 
running tap water at the same temperature (hotter than the hand can 
stand) for two minutes. This cannot be guaranteed to remove or 
inactivate all pathogens, but it will reduce them to a very small number. 
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Anesthesia and coronary artery disease 
HARRY G. MIDDLETON, FFARCs 


Consultant Anzsthetist, Plastic Surgery, Burns and Jaw Injuries Centre for Wales 
St Lawrence Hospital, Chepstow 


Lately, Visiting Assistant Professor of Anesthesia 
Western Reserve University School of Medicine, Cleveland, Ohio 


L. RENDELL-BAKER, MB, FFARCS 


Assistant Professor of Anesthesia 
Western Reserve University School of Medicine, Cleveland, Ohio 


Coronary heart disease has become one of the most common of the 
disabling diseases of the adult male and now ranks with accidents and 
cancer as a cause of death. Unhappily, it singles out for attack men of 
standing in the community — professional men, executives, leaders. 
Of the 80,000 Britons who will die this year from coronary disease, a 
tragically high proportion will be from this class. The interrelated 
factors bearing upon the incidence of the condition are many. 
Obesity, heavy smoking, lack of exercise, stress and too rich a diet 
have all been held responsible! 2 ¢4 45, 

Many ‘coronary’ deaths exhibit unenlightening post-mortem 
findings and Beck’s ‘concept of electrical instability’ explains these 
on a basis of differing electrical potentials between areas receiving 
adequate oxygenated blood and areas of permanent or temporary 
ischemia*®. He further suggests* that in such a heart any unusual 
exertion may accentuate the difference in oxygenation and precipitate 
ventricular fibrillation. 

The tenfold increase in the incidence of this disease in the last thirty 
years demands that anesthetists consider means of bringing these 
patients safely through surgery whether for the heart condition itself 
or on other organs when the coronary artery disease is a complication. 

Thompson and Raisbeck® described the condition as ‘an ever 
changing process during the development of which the occlusive 
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process is opposed by the formation of collateral anastomoses. When 
the adjustments within the heart are sufficient to compensate for the 
disease process, no symptoms occur, but when a discrepancy exists 
between the myocardial demand and the coronary supply, the result- 
ing myocardial ischemia is responsible for the clinical syndromes of 
angina pectoris, congestive failure and myocardial infarction. The 
coronaries may be completely occluded without infarction or 
myocardial fibrosis if the development of the collateral circulation 
keeps pace with the occlusive process’. Unfortunately the high 
mortality of the disease demonstrates all too often the inadequacy of 
naturally occurring intercoronary anastomoses. 

Myocardial infarction only occurs, therefore, in those patients with 
coronary artery disease who do not have pre-existing congenital or 
acquired anastomoses of adequate calibre. Zoll et a/® in tne United 
States showed relative cardiac hypoxia to be the underlying stimulus 
for their development. Among the Bantu people of South Africa 
coronary artery heart disease is a rarity’? and Laurie snd Woods® 
found them to possess intercoronary vessels in 75 per cent of normal 
hearts. 


Surgical treatment of myocardial ischemia 
In a recent review® Beck has discussed admirably the many different 
operations devised since he first established the principles twenty-five 
years ago!°. 

The aim of all these procedures*® is to create or to increase 
communication between the myocardial and the extra-cardiac 
vascular systems, to increase the intercoronary anastomoses or to do 
both. Our experience has been of the ‘Beck 1’ operation?2. 


Pre-operative considerations 
The diagnosis of coronary heart disease is based upon the history and 
the response to exercise and may be substantiated by the electro- 
cardiographic findings. Medical records should be consulted when a 
patient has been admitted to hospital for a previous anginal attack. 
Those others whose history includes an episode suspected of having 
been myocardial infarction should, for the purposes of anesthesia, 
be assumed to be such. 

Dewar?* has shown the great importance of the transaminase level. 
Elevation of the serum glutamic oxalacetic transaminase (SGO-T) 
above its normal range of 4 to 40 units may detect the recent infarct 
where diagnosis may be confused by a previously abnormal ECG. 
The height of the peak SGO-T is proportional to the extent of the 
infarction!* and this figure has been related to the outcome of the 
>ttack!5. Bruce et al!® showed a value over 250 to be of very 
unfavourable prognostic significance. Conditions such as pulmonary 
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infarction, cholecystitis or pneumonia which may simulate myocardial 
infarction cause no increase in the transaminase level whereas anginal 
pain at rest and an elevation of the transaminase level carries the 
same prognostic significance as electrocardiographically proven 
infarction even if the ECG abnormality is non-specific?®. 

The measure of the SGO-T activity is a valuable diagnostic aid for 
the anesthetist for should the level be raised all but life saving surgical 
measures must be postponed lest a further—possibly fatal—infarction 
be precipitated. 

Imposed invalidism, the giving up of smoking, strict diets and the 
conventional drugs together with the many examinations directing 
attention to the heart!’ cause many of these patients to become 
introspective and tense. Before seeking cardiac surgery they have 
often come to depend upon sedatives, tranquilizers and even narcotics 
for the relief of their symptoms. 

An adequate total arterial inflow of blood is a prerequisite for 
beneficial surgery. Inadequate blood supply to the heart or severe 
muscle damage precludes operative interference. Anesthesia for this 
latter group of patients should be approached with the knowledge that 
their lives are in jeopardy and that a further coronary occlusion could 
produce death at any time for their heart condition does not prevent 
their presenting themselves for surgery on other parts of the body. 
The young patient with coronary disease should in no way be con- 
sidered a more favourable risk for his disease may follow a more 
malignant course!°, Almost a third of our patients have been under 
forty-five years of age. Following any suspicion of an infarction or any 
elevation of transaminase level cardiac surgery or indeed any other 
elective surgery should be postponed for at least three months. 

Preparation for the ‘Beck 1’ operation includes an X-ray of the 
chest, ECG, BMR, transaminase estimation and simple blood and urine 
examinations. Physiotherapy is confined to breathing exercises and 
to arm-shoulder movements. The more robust forms of physiotherapy 
would appear to be contra-indicated in this group of patients. 

To reduce apprehension is of paramount importance and the 
anesthetist must take time to give his patient a careful explanation of 
what lies ahead. Sufficient hypnotic to ensure a sound night’s sleep and 
the avoidance of waiting at the theatre while final preparations are 
made are first principles. Vineberg et a/!* have reported the occurrence 
of further episodes of coronary artery occlusion during the immediate 
pre-operative period and stressed the need to question the patient on 
the presence of substernal pain before commencing the anesthetic. 

Glyceryl trinitrate does no more than to afford a small increase 
in coronary artery flow for about five minutes2°, yet it is this effect that 
many patients have come to rely upon to relieve their anginal attacks 
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and a supply should be to hand up to the last moment before operation 
and again in the post-operative period while the response to surgery 
develops. 


The ‘Beck I’ operation 


The object of the ‘Beck 1’ operation?! is the encouragement of a more 
even distribution of available blood through intercoronary vessels 
produced by inflammatory reaction and foreign body response on the 
surface of the heart. 

The pericardium is opened and the heart examined for size, 
character of beat, irritability, the state of the arteries aiid the presence 
or otherwise of infarctions. Abrasion of the parietal pericardium and 
of the epicardium between branches of the arteries is followed by the 
application of fresh 5 per cent aqueous trichloracetic acid and of 
coarsely powered asbestos. In addition the coronary sinus is narrowed 
to a diameter of three millimetres by a suture placed around it. The 
development of intercoronary anastomoses is stimulated by the 
resulting congestion and back pressure. 

Before the closure of the chest the surgeon performs an intercostal 
nerve block under direct vision. This reduces the need for narcotics 
for post-operative pain. 


Mortality 


In a recent report on 429 patients Beck et a/?2 23 found an overall 
hospital mortality of 6 per cent with only four deaths in the latter two 
hundred consecutive cases. His mortality may be compared with that 
of other workers in major non-cardiac surgery in patients with similar 
heart disease. Hannigan ef a/?4 felt their mortality of 5.2 per cent in 
fifty-eight patients with coronary disease related reasonably to 
3.4 per cent in a control series. Morrison®®, working before the 
general use of relaxant drugs found a death rate of 17.3 per cent for 
spinal, 12.5 per cent for general and 8.9 per cent for local anesthesia 
in a group of 701 patients with heart disease. 

In a smaller but more recent series of seventy patients with previous 
infarcts subjected to 111 procedures Baker, Grismer and Wise?® had 
four deaths. 

When the myocardial infarction is recent, the dangers would seem 
much greater. Butler and Feeney?’ reported four deaths out of five 
patients when the infarction was not recognized. 


CLINICAL MANAGEMENT 


Because they feel that the operation involves an element of risk 
greater than that normally encountered in most other elective 
surgery these patients are often tense and anxious. For this reason, 
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adequate sedation is essential but at the same time one must avoid 
any marked depression of the circulation. We have found the intra- 
muscular injection of 100mg quinalbarbitone two hours pre- 
operatively and pethidine 75 to 100mg, together with scopolamine 
0.4mg one hour pre-operatively to be satisfactory. 


The blood pressure 


The blood pressure is checked on the patient’s arrival in the anesthetic 
room. Any severe fall apparently due to the premedication will 
necessitate postponement of surgery. Most troubles encountered in 
the anesthesia of these patients can be traced to a fall in blood 
pressure and therefore, a great deal of attention is paid to this through- 
out the procedure. Blood pressure is recorded routinely before the 
anesthesia is commenced, after induction and intubation and again 
after the patient has been turned on his right side. Any undue fall in 
BP before the start of surgery without a prompt and sustained recovery 
after a small dose of an intravenous vasopressor such as mephen- 
termine (10-— 15mg) is taken to indicate the existence of sufficient 
damage to the myocardium to prevent successful completion of the 
operation at that time. In this event the patient is allowed to awaken 
and is returned to the recovery ward for careful observation. Sub- 
sequently his suitability for surgery is reassessed with the surgeon. 

During the operation readings are normally taken and recorded 
every five minutes and after any incident of arrhythmia or surgical 
manipulation of the heart. 


CASE REPORT 


A 96kg (15 stone) business man aged 44 had suffered severe pain on exertion 
for fourteen months. The pain, which radiated down his arm and chest, was such 
as to prevent his walking more than 75 to 100 yards. Cold air caused him very 
severe distress. A persistently low blood pressure (96/50) had precluded the use of 
vasodilator drugs. 

While inhaling oxygen, anesthesia was induced with thiopentone, 250mg 
and suxamethonium 60mg. The trachea was sprayed and an endotracheal tube 
inserted. After the patient was turned on to his side there was a run of ventricular 
ectopic beats and the blood pressure disappeared. Anesthesia was discontinued, 
restorative measures commenced and the operation abandoned. For the next 
thirty minutes multiple cardiac irregularities were noted. He was held in the 
theatre for an hour during which time glyceryl trinitrate was given for the pain of 
which he complained, followed by pethidine 25mg. He was deeply upset to learn 
that his operation had been postponed. 

Seven hours later, while talking to his wife, he suffered cardiac arrest. Cardiac 
recuscitation routine (direct cardiac massage and artificial respiration with 
oxygen) was instituted immediately ** ?°, The heart was given two shocks by an 
electric defibrillator. Though the right ventricle continued to beat steadily for the 
next fifty minutes, no response could be obtained from the left ventricle. Massage 
was continued. Flattening of the electroencephalographic pattern after forty-five 
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minutes was followed five minutes later by a cessation of cardiac activity. Post- 
mortem examination revealed a complete occlusion of the left coronary artery. 


Induction of anesthesia 


After coughing to clear the airway the patient breathes 100 per cent 
oxygen while a 16swG Rochester plastic cannula or a Guest cannula 
is inserted under local analgesia into a suitable vein on the back of the 
left hand or forearm to administer 5 per cent dextrose/water. The 
BP cuff shares the left arm. 

In view of the importance of avoiding a fall in blood pressure, a 
minimal dose of thiopentone (75 — 250mg) followed by a full dose of 
suxamethonium (60-— 120mg) is employed. The vocal cords are 
sprayed and a cuffed endotracheal tube inserted. 


Maintenance of anesthesia 


It is essential to maintain high oxygen levels at all times in view of the 
precarious oxygenation of the myocardium. The anesthetic tech- 
nique*® often used for thoracic surgery in which increments of 
pethidine or thiopentone and relaxant are used with nitrous oxide— 
oxygen appears to be contra-indicated by the possible danger of 
depression of BP during surgery and residual effects later. 

Since the ECG will be used to monitor the heart’s action through- 
out, diathermy is not used and, therefore, an explosive mixture is 
permissible. The very light planes necessary may be achieved with a 
2:2 litre oxygen:nitrous oxide mixture supplemented by 5-10 per 
cent cyclopropane or by a trace of ether. A mechanical ventilator and 
carbon dioxide absorption frees the anesthetist and assures an 
adequate respiratory exchange. Both d-tubocurarine and suxameth- 
onium have been used for subsequent relaxation. Gallamine is not 
used for the tachycardia it produces inconveniences the surgeon. If 
d-tubocurarine is to be used its effect must be finished before the end 
of surgery for arrhythmia or bradycardia have sometimes caused 
concern when atropine and neostigmine have been given to antagonise 
it. For this reason suxamethonium would appear preferable. 


OBSERVATIONS 


Pulse rate and BP are observed constantly. The pulse rate is obtained 
by observation of the cardioscope. It is definitely unwise to palpate 
the carotid pulse in these cases lest bradycardia or even cardiac 
arrest be provoked by pressure on the carotid sinus. For the same 
reason, pressure on the eyeballs from a tight mask should be avoided. 
To ensure that the respiratory volume is adequate, we use the Wright 
anemometer or the Bennett ventilation meter. The ECG is observed 
throughout the operation on a Cambridge cardioscope. The electro- 
encephalogram is observed intermittently on the same instrument to 
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ensure that minimal planes of anesthesia are employed, particularly 
when ether is used. 

Metal instruments within the chest and manipulation of the heart 
produce bizarre ECG patterns and changes of axis which must be 
distinguished from those of more serious significance. Dislocation of 
the heart out of the pericardium frequently produces ventricular 
premature beats. Occasional such beats are to be expected, but the 
occurrence of ‘runs’ should give rise to anxiety. Antonius ef a/}8 
considered left bundle-branch block developing during anesthesia to 
presage ventricular fibrillation and advise that surgery be terminated. 

We now regard as characteristic a blood pressure chart showing 
considerable and irregular fluctuations in both systolic and diastolic 
pressures ranging on average from 41mm above to 35mm below the 
pre-operative figure. In our anxiety to permit no fall, some of our 
elevated readings are due, doubtless, to over-correction. 


Withdrawal of anesthesia 
As closure of the chest nears completion the lungs are expanded fully, 
gradually substituting helium for nitrous oxide in the gas mixture and 
discontinuing carbon dioxide absorption. A catheter liberally 
lubricated with topical analgesic jelly is used to clear the nose, mouth 
and pharynx. The use of the analgesic will allow the patient better to 
tolerate a nasal catheter later. He is now returned to the supine 
position and when his condition appears satisfactory the endotracheal 
tube is removed. Should there be any coughing or breath-holding at 
this stage, oxygen is given by mask, with manual assistance if 
necessary and when convenient the change is made to oxygen by 
nasal catheter. 

Not until the patient’s condition is stable is he disconnected from 
the electrocardioscope and blood pressure apparatus. He is then 
lifted most carefully to his bed and oxygen inhalation is continued. 

The intercostal block relieves the patient of incisional pain for 
several hours, but heart pain will manifest itself much sooner. This 
requires morphine or pethidine given at first in very small intravenous 
increments until the patient is comfortable. Fifteen or twenty minutes 
later when the peak of the effect of the intravenous dose has passed 
and if the blood pressure remains satisfactory, it will be possible to 
administer the drugs intramuscularly, but a policy of ‘little and often’ 
should be adopted. 


THE USE OF DRUGS 


Oxygen 
The importance of oxygen to anesthesia in the presence of coronary 
heart disease cannot be over-emphasized. Its lack, whether it be due 


B 


ve 
al 
ta 
fo 
su 
ar 
en 
ef 
ve 
Ta 
co. 
res 
Wi 
the 
un 
Ne 
atr 
cur 
of | 
Ver 
rare 
met 
rest 
inje 


ANASTHESIA 317 


to underventilation, circulatory depression or anemia cannot be 
tolerated. Inadequate oxygenation is by far the commonest cause of 
arrhythmia occurring during anesthesia?!. We have learned that the 
first step in the treatment of any cardiac irregularity is to increase the 
depth of inflation, giving additional oxygen if required. Not only does 
this increase the oxygen uptake; the elimination of carbon dioxide 
which itself, in excess, predisposes arrhythmia‘? is assisted. The 
surgeon halts surgery if necessary to allow full expansion of the lungs— 
but one aspect of the close co-oper. tion which must and does exist 
between surgeon and anesthetist in this field. 
Digitalis 

Brofman?? feels that digitalization reduces the irritability of the 
myocardium and diminishes the incidence of ventricular and supra- 

ventricular arrhythmias often associated with handling of the heart 

and all our patients have been digitalized. Should these arrhythmias or 
tachycardia prove troublesome in spite of prior digitalization evoked, 

for example, when the heart is elevated to give access to the posterior 

surface, supplementary doses of a rapid-acting digitalis compound 

are given intravenously. Desacetyl lanatoside C which we have 

employed in 0.4mg doses takes ten to twenty minutes to become 

effective. During this time surgery stops and the patient is well 

ventilated with high concentrations of oxygen. 


Neostigmine 


Tachycardia, persisting in spite of an increase both in the oxygen 
concentration in the anesthetic gas mixture and in the depth of 
respiration, may be treated by intravenous doses of neostigmine®*’. 
We have found it to produce a satisfactory slowing of the pulse rate, 
the effect becoming apparent within a few minutes of the injection 
unlike the delayed response seen after desacetyl lanatoside C. 
Neostigmine should not, in these circumstances, be preceded by 
atropine. The anesthetic may require to be deepened slightly if 
curare is being used as part of the technique. For an accurate estimation 
of the pulse rate, the electrocardiogram should be counted. 


Adrenaline 


Ventricular tachycardia progressing to ventricular fibrillation is a 
rare complication which must be anticipated. Stephenson!* recom- 
mends the use of adrenaline if, after three to five minutes of effective 
cardiac massage, the heart remains flaccid and rhythm has not been 
restored. The improved myocardial tone resulting from such an 
injection into the lumen of the left ventricle enhances the response to 
electro-shock treatment. Beck2®, on the other hand, suggests that 5ml 
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of 1:10,000 adrenaline be given into the right ventricle to ensure 
adequate mixing with blood during its passage through the pulmonary 
circulation in order that cardiac massage may force a large volume of 
a dilute solution of adrenaline through the coronary vessels. 

It is assumed that in such a crisis all anesthetics have been 
discontinued. 

The desire for high oxygen percentages has resulted in our choice 
of cyclopropane in many of our cases. It is well known that ventricular 
tachycardia or fibrillation can be precipitated by some vasopressors 
during cyclopropane? 36, It seems mandatory to restrict one’s choice 
of vasopressor4® 5° in these circumstances to those such as methox- 
amine’? 38 3%, metaraminol*® and mephentermine. The latter has 
been the drug of our choice. 


Mephentermine 


This is given intravenously in doses of 10 — 30mg. Clinically it appears 
to have little or no action upon the heart as shown by changes in rate, 
rhythm or irritability*®. It raises the BP by increasing peripheral 
resistance and by increasing the cardiac output and contractility 
when it is failing. In addition, conduction time and the refractory 
period are decreased, reducing the incidence of arrhythmia and 
preventing fibrillation from occurring when adrenaline is given to 
dogs anesthetized with cyclopropane*!. The action and uses of 
mephentermine in anesthesia have been excellently summarized by 
Coleman 


Procaine amide hydrochloride 


The use of this drug has been reserved for intractable ventricular 
tachycardia or runs of multiple ventricular premature beats which 
have failed to respond to interruption of surgery and inflation with 
high oxygen atmosphere. Ventricular extrasystoles may occur 
associated either with handling or during a period of under-ventilation, 
but they tend to be self-limiting, ceasing as the heart adapts itself to the 
new condition?*, It has little effect on mechanically produced 
arrhythmias or on those arising in the auricles except, perhaps, the 
most recent*®, 

On the rare occasions that we have required to use procaine amide 
we have given a ‘scouting’ dose of not more than 100mg to assess the 
effect and a second dose is seldom nececessary. If given too rapidly 
it may cause a severe fall in blood pressure. 


Atropine 


Small doses (0.2mg) of atropine may be given intravenously in an 
attempt to speed the heart when its rate is felt to be too slow. 
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Diseased and irritable hearts may not behave at all according to 
plan and it may be necessary to use a combination of several of the 
drugs named. These should be ready to hand and at least the vaso- 
pressor should be drawn into a syringe for instant use. It cannot be 
too often reiterated that hypoxia from whatever the cause is the most 
potent source of trouble. No shame should be felt in recommending 
postponement or cancellation of surgery, for our experience shows it 
to be foolhardy to proceed in the face of an early decline in blood 
pressure. 

Only if the mortality of these operations is kept minimal can they 
hope to become as commonplace as they deserve. Safe anesthesia is no 
small factor. 

If the patient can be shepherded through safely, Beck’s figures 
show subsequent mortality to be reduced to fifty per cent of that 
anticipated. Possibly more important is that 42.2 per cent of the 
survivors claim complete freedom from pain and the necessity to 
take drugs and another 48.4 per cent have a good result. 


SUMMARY 


The increasing incidence of coronary disease and its surgical treatment 
has called for the development of a safe method of anesthesia. 

Selection of correct time for operation following myocardial 
infarction and the importance of postponing surgery if the induction 
of anesthesia produces any but transient hypotension, is stressed. 
Good oxygenation and the maintenance of 4 near normal blood 
pressure are considered of cardinal importance. 

The anesthetic technique and drugs used are described. 
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NEW INVENTIONS 


Unless expressly stated by the authors no claim to originality or priority is made 
and items given under this head include modifications to existing apparatus. 
The Editor regrets that space considerations make it impossible 
to publish correspondence on this subject 


Double infusion control 


BRUCE FOSTER 


Current anesthetic and resuscitation techniques frequently demand 
continuous, accurately controlled intra-venous administration of 
potent drugs. Using short acting drugs in order to obtain minute-to- 
minute control, the most convenient method is probably the ‘double- 
drip’, where the active drug is run in parallel with saline, glucose or 
blood to keep the drip ‘open’. Many techniques have been described 
using double drips, or, more frequently, arbitrary mixtures of drugs. 
The use of thiopentone/gallamine, lignocaine/scoline and, more 
recently, mixtures involving hydrocortisone and/or L-noradrenaline 
have all been advocated. Probably the most recent techniques 
requiring continuous, accurate control are those used in the field of 
hypotension, in particular trimetaphan camphor-sulphonate (arfonad) 
and phenacyl homatropinium chloride (trophenium). It was the 
demands of hypotensive techniques which stimulated the design of the 
system about to be described. 

The commonest method of constructing a double drip is the inser- 
tion of one drip set needle into the rubber tubing of the other, but 
this has many disadvantages. The junction almost invariably leaks if a 
large needle is used. If different rates of flow are employed in the two 
sets, the resistance offered by such a constriction results in one drip 
chamber filling up and then ceasing to flow altogether. The punctured 
set will always leak if used again after resterilization. 

Other methods, using an Officer's Double Drip Chamber, * a 
Y-connection set in the tubing, have several disadvantages. Extreme 
fragility, especially during sterilization, is one hazard. The other is the 
necessity of preparing special sets to incorporate either the double 
drip chamber or the Y-piece. Special sets are notoriously unready 
when required. 
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Recently, the introduction of disposable plastic drip sets added two 
problems. Firstly, even with latex rubber injection inserts, leaks are 
almost unavoidable. Secondly, the clips provided, combined with the 
inelasticity of the tubing render fine control virtually impossible, 
especially to the anesthetist working alone. 

To overcome these difficulties two very simple units were produced 
(FIG. 1). The first is a small metal Y-connection having the two upper 
arms ground to accept male Luer mounts. The remaining mount is 
male Luer and connects either direct or via a short rubber injection 
insert to a Guest cannula or other wide bore intra-venous needle. 
The rubber junction gives added flexibility as well as a site for injection 
of other drugs, whilst two standard drip sets plug direct into the 
other arms. Sterilization is achieved by any standard method. 

The second unit is a double control mounted on a G-cramp. This 
enables it to be attached to any transfusion stand, giving easy 
‘one-hand’ control. The occluders are specially shaped to give maxi- 
mum effect at minimal pressures, thus avoiding damage to the easily 
cut plastic tubing. The threads give rapid but fine control. A simple 
gate behind the control allows the drip tubing to be quickly inserted 
or removed, and a positive lock prevents unwanted movement. 
Plastic and rubber drip sets may be used together, if required, with 


FIG. | The control and Y-piece 
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FIG. 2 The infusion prepared 


equal facility. The faces of the control knobs are finished matt, thus 
enabling the fluid controlled to be clearly indicated in pencil or ink 
(FIG. 2). 
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Yet another cannula 
B. A. SELLICK 


As a frequent user of both the Gordh needle and the Guest cannula 
I felt that a combination of the two might have advantages and the 
cannula illustrated here is the result. It is substantially a Guest 
cannula with a Gordh diaphragm grafted on the mount. In addition 
there is a metal bung attached by a short chain and tapered to fit both 
the cannula and diaphragm mounts. 

During venepuncture the bung is placed in the diaphragm mount 
to maintain its sterility and a syringe is attached to the introducing 
needle (A). After aspiration to check position the needle is withdrawn 
a quarter of an inch into the cannula which is then advanced well into 
the vein. By pressing the skin over the distal end of the cannula the 
introducing needle (B) can be withdrawn and the bung transferred to 
the cannula mount without loss of blood (c). A single length of lin 
strapping with a hole in it for the diaphragm mount will hold the 
cannula securely in place. A little saline should be injected through 
the diaphragm to clear the cannula and subsequent injections of 
anesthetic drugs made in the same way. If saline or blood is needed 
later the bung is removed and drip tubing substituted (D). Leaks 
from needle punctures in latex rubber or plastic tubing are obviated 
by use of the diaphragm. 
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The cannula being blunt, can be advanced well into the vein and 
movement does not damage or cause perforation of the vein wall. 
The advantage of this is that the cannula can be inserted during 
induction of anesthesia when veins are most prominent. Subsequent 
transport of the patient or positioning on the operating table is less 
likely to disturb its position than if it were a sharp needle or had drip 
tubing attached. 

I have found the cannula most useful during the induction of surface 
hypothermia when the movement of the patient to and from the 
water bath is facilitated. 

The cannula is available with Luer or Record mounts. It is made by 
Messrs Shrimpton and Fletcher of Redditch and is obtainable 
through the usual trade houses. 

My thanks are due to the Instrument Department of The Middlesex 
Hospital for making several prototypes and to the Photographic 
Department for the illustration. 


An anesthetic chin support 
KENNETH C. GRIGOR 


The apparatus here described has proved a most satisfactory device 
for preventing the type of airway obstruction which results from lcwer- 
jaw sag during general anesthesia with spontaneous respiration. 
Most patterns of face mask are found to fit more snugly to the face 
when used in conjunction with the chin support and thus gas leakage 
is reduced to a minimum. 

F1Gs 1 and 2 show respectively the essential parts of the apparatus 
and its use. It consists of a chin strap which has a central portion of 
sorbo-rubber lined with soft webbing, to each end of which there is 
attached an elastic rubber band perforated along its entire length. 
(The bands are sufficiently long to permit the use of the chin support 
with the lithotomy position.) The vertical pillar has a screw clamp 
at its base for fixation to the head of the operating table. The two 
horizontal bars are adjustable. The lower bar is designed to prevent 
mattress-glide with the Trendelenburg position. The upper bar has a 
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FIG. | Apparatus FIG. 2 Apparatus in use 


series of hooks along its upper border. In use (F1G. 2) each band of the 
chin strap is secured to the most convenient hook and the upper bar is 
adjusted to its most advantageous position for maximal tidal exchange. 
The apparatus was made for me by Messrs. Medical and Industrial 
Equipment Ltd., New Cavendish Street, London W.1. 
I am indebted to H. C. Gray a1BP, photographer, Victoria 
Infirmary Group of Hospitals, Glasgow, for the photographs. 


Left handed laryngoscope 
E. S. POPE 


A patient recently presented some difficulty in intubation owing to a 
unilateral bony swelling of the upper jaw. Had a left handed 
laryngoscope been available this difficulty would not have arisen. 

There are certain other conditions in which it might be more con- 
venient to work in the left hand corner of the mouth : e.g. dental lesions 
in the right side of the upper jaw, such as loose teeth, gapped teeth, or 
crown work, injuries of the jaw or face and certain plastic conditions, 
where the right side is bound down by scarring. 

Left handed learners might find it easier to use. 
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Right and left handed laryngoscopes with Macintosh blades 


Right and left handed laryngoscopes with Macintosh blades 
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A left handed laryngoscope was manufactured for me by the 
Longworth Scientific Instrument Co, Thames Street, Abingdon, 
Berks. 

Although it does not come naturally to hand at first, there is no real 
difficulty in its use. 


Children’s endotracheal union 
H. D. O’BRIEN 


For anesthesia in infants and young children, the curved Magill endo- 
tracheal union has proved very popular. It has the disadvantage that 
difficulty may arise in attaching the bell-shaped end of the union to the 
short rubber connection tube linking up with the anesthetic circuit. 
This difficulty is frequently increased by the small length of the Magill 
union protruding from the child’s mouth and by contamination of the 
anesthetist’s fingers with the lubricant which has been used on the 
endotracheal tube. Should endotracheal suction be required during an 
anesthetic, the union must be detached, and its subsequent restoration 


4 LIT/MIN 8 LIT/MIN 
A 0.15mm 0.6mm H,O0 
A-+ Large connector 2.12mm H20 7.5mm HO 
A+ Medium connector 3.18mm H,O 11.4mm 
A-+Small connector 8.10mm 29.1mm 


Endotracheal catheter mount with rubber connection and special tapered 
connector, total length 44in=A. 
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is often difficult, especially when the patient’s head is concealed by 
sterile drapes. 

An endotracheal union which overcomes these difficulties, yet re- 
tains the desirable features of the Magill union is represented in the 
accompanying diagram. 

The union is a curved bell-shaped one witha taper! at the wider end, 
into which fits a tapered metal adapter carrying the short rubber tube 
to the anesthetic circuit. The taper enables the union to be detached 
and restored rapidly and easily. This facilitates the introduction of a 
suitable catheter which will follow the curve of the connector. 

The union is of light weight and has been made in three sizes with 
minimal internal diameters of 0.175in, 0.155in and 0.115in respectively. 

The accompanying table gives the resistances to gas flow of each of 
the sizes. 

I wish to acknowledge the help of Mr R. Salt of the Nuffield Depart- 
ment of Anesthetics, Oxford, in the development of this endotracheal 
union, which can be obtained from Messrs. Medical and Industrial 
Equipment Ltd, 10-12 New Cavendish Street, London W1. 


Reference 


I1THORNTON, H. L. and OZORIO, H. L. Wide-bore Endotracheal Connection. 
Anesthesia, 4, 1949, p.142. 


New connection for endotracheal tubes in infants 


CECIL FAGAN 


Dissatisfied with available connection-pieces for use with endotracheal 
tubes in anesthesia for infants I have designed the present series. 

The main problems in connections at present available are that they 
are frequently too big and cumbersome ; thus it is often difficult to 
attach an Ayre’s T-piece or an infant-sized endotracheal tube. Curved 
connections prevent the use of suction or a stylet. Troublesome kinking 
is all too frequently a possibility. 

The connection illustrated has the following advantages: Light- 
weight (3g) and is small (30x 18mm) ; easily fixed to an infant’s 
face and the Ayre’s tubing; designed to fit into a flexo-metallic 
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tube (such as Eschmann’s spiral tubes) so as to give a non-kinkable 
union ; permits the easy use of a stylet ; suction can easily be applied by 
removing the rubber cap, sealing the T-limb and using the endotracheal 
tube as the actual suction catheter. 

I have had three connections made. One to fit ‘00’ and ‘0’ sized 
endotracheal tubes, one for ‘1’ and ‘2’ sized tubes and a third to fit 
sizes ‘3’ and ‘4’. Thus an age range of from birth to 8 or 9 years is 
covered (i.e. the group most likely to require an Ayre’s T-piece). 

A piece of foam-rubber under the T-limb of the connection gives a 
‘floor or base’ for easy fixation of the tube, connection and the limb of 
the Ayre’s tubing. The use of lightweight plastic tubing throughout is 
an additional aid as it reduces the weight and drag of the whole 
system. 

Some are also being made without the upper limb for use under the 
Boyle-Davis gag for cleft-palate operations. 


I wish to thank Herr Morten Nyrop (Simonsen & Weel’s Eftf. A/S) 
for his friendly co-operation and the construction of these connections : 
Dr G.A. Rawlins (The Queen Elizabeth Hospital, Birmingham) for his 
advice, stimulating interest and suggestions regarding the modification 
for cleft-palate operations. 

The connections are available from Simonsen & Weel’s Eftf. A/S, 
Bredgade 43, Copenhagen K, Denmark. 
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Shield for Epidural Catheters 


C. R. CLIMIE 


Continuous epidural block de- 
pends for its success upon the in- 

- tegrity of the indwelling catheter. 
Frequently this becomes viocked 
when the patient lies upon it, due to 
kinking at the skin edge. This oc- 
curs with both polythene and nylon 
tubing and is particularly common | 
if the patient is in the lithotomy 9 
position. 

Padding devices of wool or rub- 
ber cannot be depended upon to 
prevent the kinking. Once the © 
catheter has become blockedinthis 
way it is usually not possible to | 335 
correct it, and no further injections * 
of the analgesic solution can be = 
made. 

At the National Women’s Hos- 
pital, Auckland, a shield has been 
used which protects the catheter The shield has been threaded over the 
from being acutely kinked and catheter and strapped to the patient’s 
since it has been in use no case of a back 
blocked epidural catheter has occurred. 

The shield is in the form of a flat disc which has been machined from 
a block of perspex. The dimensions are indicated in the diagram. 

After the epidural catheter has been placed in position the shield is 
threaded over it and fixed to the patient’s back with strapping. 

No injury to skin of the back has been caused by the shield, even 
after it has been in use for many hours. 

The shield is sterilised in a formalin cabinet. 


? 
> 
Cross-section 
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Pressure volume relationships in the chest before and after death. SHEPHARD, 
R. 3. (1959) J. Physiol., 149, 178 (December). 18 refs. (Animal work.) 


| 
; 
: 
| 
Al 


ADVERTISEMENT ANZASTHEBSIA 


moment-to-moment control 


PE NTOTHAL 


(THIOPENTONE SODIUM 8.P.) 


in combination 
Quick response to the surgeon's needs 
Reduced dosage of other agents 
Compatibility with all other agents 


alone 
Easily-controlled levels 
Rapid, smooth induction 
Pleasant, swift recovery 


Where PENTOTHAL is used frequently, enough 
solution to last from 24 to 48 hours may be 
prepared with assurance of stability. PENTOTHAL 
is available in 10 Gm. and § Gm. multiple-dose 
containers, and in 1 Gm. und 0.5 Gm. ampoules. 
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ABBOTT LABORATORIES LIMITED 
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Calona 
soda 
lime 
gets 
a 
New 
dress 


There’s an air of practicality about 
this new 500 gramme pack for Calona 
soda lime. The strong cardboard 
carton withstands hard usage—protects 
Calona from crushing or dusting, and 
the heavy duty transparent inner pack 
keeps Calona in first class condition 
during prolonged storage and enables 

it to be easily transferred to soda 

. lime canisters. 


Calona is prepared exclusively for 
British Oxygen to the stringent 
requirements of the Company’s 
Research and Development Centre. 
It is supplied in both standard 

and colour-indicating grades. 


BRITISH OXYGEN 
GASES LIMITED 


Medical Division - Great West Road 
Brentford - Middiesex 
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Effect of repeated administration of levorphan, etc. MANNING, C. J. (1959) 
J. Pharmacol., 127, 187 (November). 

The action of drugs on the cerebral circulation. SOoKOLOFF, L. (1959) Pharm. Rev., 
11, 1 (March). 402 refs. 

Consistent differences in individual reactions to drugs and dummies. JOYCE, 
c. R. B. (1959) Brit. J. Pharmacol., 14, 512 (December). 30 refs. (This article 
should be read by all who seek to carry out clinical trials involving a placebo.) 

Plasma concentrations of adrenaline and noradrenaline during intravenous 
infusion in man, COHEN, G., HOLLAND, B., SHA, J. and GOLDENBERG, M. 
(1959) J. Clin. Invest., 38, 1935 (November). 10 refs. 

Curare and low blood pressure effects on direct cortical responses. OCHS, S. 
(1959) Amer. J. Physiol., 197, 1136 (November). 12 refs. (Changes in cortical 
potentials brought about by curare in dogs are to be related to its hypotensive 
activity.) 

Effect of ether anesthesia on 17-hydroxy-corticosteroid secretion in dogs. 
SUZUKI, T., YAMASHITA, K. and MITAMURA, T. (1959) Amer. J. Physiol., 
197, 1261 (December). 5 refs. 


RESUSCITATION 


The special care unit: its place in post-operative care. SAKLAD, M. (1959) 
Anesthesiology, 20, 822 (November). 

Parenteral fluid therapy in relation to the metabolic response to injury. 
CUTHBERTSON, D. P. (1960) Int. Abstr. Surg., 110, 105 (February). 
Collective review. 141 refs. 

Acute post-operative cardiorespiratory insufficiency. SANGER, P. W. et al. (1960) 
J. Amer. med. Ass., 172, 695 (February 13). Treatment by curarization and 
artificial breathing — report of a case. 

Head-tilt method of oral resuscitation. ELAM, J. 0. et al. (1960) J. Amer. med. Ass., 
172, 812 (February 20). 

Treatment of cardiac arrest. (1960) Brit. med. J., 1, 409 (February 6). Annotation. 
8 refs. 

Shock and resuscitation ; abdominal injuries. KOONTZ, A. R. (1960) Arch. Surg., 
80, 384 (March). 

The problem of irreversible shock. sMIDDY, F. G. (1959) Post grad. med. J., 35, 
543 (October). 25 refs. 

Resuscitation of dogs from severe acute carbon monoxide poisoning. KILLICK, 
E, M. and MARCHANT, J. V. (1959) J. Physiol., 147, 274 (September). 34 refs. 
(5 per cent carbon dioxide in oxygen is better than pure oxygen.) 

Barbiturate poisoning. LOWTHER, C. P. (1959) Scott. med. J., 4, 163 (April). 
23 refs. 

Acute barbiturate poisoning. PIRIE, R. (1959) Scott. med. J., 4, 177 (April). 
10 refs. 


TREATMENT AND MEDICATION 


Total paralysis regime in severe tetanus. ALHADY, S. M. A., BOWLER, D. P.» 
REID, H. A. and SCOTT, L. T. (1960) Brit. med. J., 1, 540 (February 20) 
10 refs. 

Control of neuromuscular manifestations of severe systemic tetanus. CRANDELL, 
D. LE R. and WHITCHER, C. E. (1960) J. Amer. med. Ass., 172, 15 (January 
2). 10 refs. 
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REVISED SUGGESTIONS TO CONTRIBUTORS 


Original articles, ‘New Inventions’ etc. are accepted for publication on the understanding 
that they are contributed exclusively to ‘Anesthesia’, and become the property of the 
Association of Anesthetists. Articles are subject to such alterations as the editor may 
deem necessary, but no major alterations will be made without the author’s consent. After 
publication, the editor will be pleased to consider requests by authors to borrow and use 
any blocks made to illustrate their articles. 


PREPARATION OF ARTICLES 
Articles should be typewritten on one side of the paper only, and should be double spaced. 
Margins of 1}” should be left on both sides of the typescript. Corrections should be made 
in ink, and should be legibly written. The first sheet of the article should contain only 
the following details: title of the article; the author’s name and the higher of his degrees 
and diplomas; his present or immediate past appointment; the address to which proofs 
of the article should be sent. 


TITLES OF ARTICLES should be restricted to five words. If this is impossible, a subsidiary 
title of not more than twelve words can be inserted. A more detailed description of the 
scope of the article can be given in the first paragraph of the text. 


HEADINGS IN THE TEXT are useful to ‘signpost’ the arguments elaborated in the 
article, They should be brief and clearly defined in the typescript. Main headings should 
be typed in capitals, and subsidiary headings to these main headings should be in 
small letters and underlined. No heading should appear in the text until after the first or 
second paragraph. Too many ae better than too few. The numbering of head- 
ings and paragraphs is not recommended. 


THE USE OF FIGURES in articles should be watched carefully. Where statistics yo cate 
in the text of the article, figures should be used; likewise the measurements of drugs 
should be given in figures. But phrases such as ‘After three days’, ‘ten minutes later’ etc. 
should be given in words. 


DRUG NAMES AND MEASUREMENTS. The a is to use the BPC 
Approved Name for all drugs and not the chemical or name. The only exceptions 
are when a drug has not been named by the BPC in time for publication, and in the case 
of certain unusual drugs, the trade name may be given in parenthesis after the approved 
name, e.g. hyoscyamine (bellafoline). The dose of drugs etc. should be given in metric 
quantities, except for those drugs which are commonly prescribed in avoirdupois 
measures. In the latter case, the metric equivalent should be given in parenthesis. 


REFERENCES to the literature should be clearly indicated in the text by superior 
figures(*), and should be set out fully in numerical order on the following system: 
LANGLEY, J. N. (1919). J. Physiol., 53, May, 120. The list of references should form the 
last sheets of the article. 


ILLUSTRATIONS. Line drawings, charts and diagrams should be made in black indian 
ink on smooth white card, and should be approximately 64” wide. Reversed drawings 
(white lines on a black background) are not suitable. Any necessary lettering should be 
drawn in plain block capitals. Photographs should be strong black and white prints on 
glossy paper. All important details should be very lightly marked on the back of the print 
with a soft pencil. This should be done on a hard surface such as a window pane or the 
glass of an X-ray viewer. The use of ball point and fountain pens, rubber stamps, hard 
pencils and typewriters on the back of the print cause damage to the photographic 
emulsion, and show in the reproduction. Likewise, the use of paper clips should be 
avoided. A typed slip containing the following details should be attached to the back of 
all illustrations: author’s name and title of article; the figure number and the relevant 
caption. This slip should be attached with strips of self adhesive tape. 


CAPTIONS TOILLUSTRATIONS should be brief, but sufficient to describe the illustration. 


EXCERPTS 
Authors of original articles are supplied with fifty copies of their article free of charge. 
Where there is more than one author, the copies will be sent to the first named author 
unless other instructions are sent to the publishing office in advance of publication. Ex- 
cerpts cannot be provided for ‘New Inventions’ or correspondence, though reprints can. 


REPRINTS 
Reprints of articles, ‘New Inventions’ and correspondence can be provided at a 
prices. They should be ordered on the card enclosed with the proofs. Orders should be 
sent direct to the printers, if possible before publication. Orders for reprints sent in more 
= three months after publication day cannot be supplied at the agreed prices, and are 
su to quotation. 

unications to the printers should be addressed: George Pulman & Sons, 
24 Thayer Street, London W 1. 


VOL 15 No 3 ANASTHESIA JULY 1960 
Book Reviews 
A SYMPOSIUM ON pH AND BLOOD GAS 
MEASUREMENT 
METHODS AND INTERPRETATION 
Edited by 


RONALD F. WOOLMER 
Pp. viii+ 210. Figs. 48. J. & A. Churchill Ltd, London. Price 30s. 


In December 1958, a group of twenty-five workers interested in the measurement 
and interpretation of pH and blood gas values met by courtesy of the Ciba 
Foundation under the chairmanship of Professor Woolmer, and this book is a 
report of the meeting. Representatives of various groups such as surgeons, 
physicians, anesthetists, physiologists, biochemists, physicists and electronic 
experts took part in the discussions. The result is a very large amount of 
information which has not previously been obtainable in one volume. Much of 
the contents are highly technical and the clinical anesthetist will probably find 
most interest in Chapter XIII which contains a report of the final general 
discussion. 

The book is well printed and bound with clear diagrams and photographic 
reproductions. 


ESSAYS ON THE FIRST HUNDRED YEARS OF 
ANASTHESIA Volume I 


W. STANLEY SYKES 
Pp. 171. XXV Plates, E. & S. Livingstone Ltd, Edinburgh. Price 30s. 


This is a collection of fascinating essays by an author who has clearly devoted 
immense energy and enthusiasm to the task of unravelling fact from fiction in the 
many accounts of the early days of anesthesia. The result is not a dry history but 
a vivid word-picture of the giants of the past with their failings as well as their 
virtues described with frankness, gusto and humour. For example, the comment 
on an obituary notice from The Lancet of 1870 on a very famous man is ‘This is 
mostly pure boloney. There are four mistakes in one short paragraph’. Dr Sykes 
debunks many cherished legends and even produces good evidence to show that 
chloroform or, at any rate ‘chloric ether’ (chloroform with spirits of wine) was 
first used as an inhalation anesthetic not by Sir James Simpson at Edinburgh but 
by Mr Holmes Coote at a surgical operation performed at St Bartholomew’s 
Hospital, London in the spring of 1847. This bombshell alone will doubtless have 
the effect of causing many Scots anesthetists to buy (or possibly borrow) copies 
of this book. As a matter of fact the probable priority of London over Edinburgh 
in the introduction of chloroform anesthesia was suggested in Dr Barbara 
Duncum’s admirable book ‘The Development of Inhalation Anesthesia’. 
Volume 2 of ‘Essays’ will be awaited with impatience. 
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HYPNOSIS IN ANESTHESIOLOGY 
MILTON J. MARMER 


Pp. xv+150. Charles C. Thomas, Springfield, U.S.A. and Blackwell Scientific 
Publications, Oxford. Price 54s. 


” A considerable volume of literature is now available relating to medical hypnosis 
but this is the first book entirely devoted to its specific application to anesthesia. 

The historical and theoretical aspects of hypnosis are dealt with relatively 
briefly, the majority of the text being occupied by practical considerations such as 
methods of induction and maintenance for various types of operation under 
suitable circumstances. The techniques given are sufficiently detailed for use by 
any medical man but no exaggerated claims are made: indeed, it is emphasized 
that true anesthesia (i.e. the ‘deep trance’ stage of hypnosis) can only be reached 
in from 15 per cent to 20 per cent of all patients. On the other hand, anzsthetists 
will find much that is useful in the combination of chemical anesthesia with 
suggestion and hypnosis. Some of the talks given are so nafve that they might 
well prove irritating to an intelligent patient while the use of words such as 
‘verbalization’ and ‘toileting’ may prove annoying to the reader in spite of a 
section on ‘hypnosemantics’. These, however, are minor criticisms of an excellent 
book which begins with a foreword by Dr John B. Dillon and closes with a short 
bibliography. 


GENERAL ANZSTHESIA FOR DENTAL SURGERY 
R. S. WALSH 
Pp. ix+94, Longmans, Green and Co. Ltd. London. Price 21s. 


At the present time considerable concern is being expressed regarding the effects 
of general anesthesia given by untrained personnel for minor dental surgery. 
A Committee of The Association of Anesthetists is considering the question so 
that there is no doubt that the time is ripe for the publication of a practical book 
intended mainly for dental and medical students. 

Dr Walsh has succeeded in writing an excellent account of the various 
techniques employed with just enough theoretical matter to make them logical. 
He expresses sound and orthodox views and rightly stresses the dangers of such 
practices as intravenous thiopentone given single-handed by the dentist-cum- 
‘anesthetist’. It is rather disappointing not to find a clear and full description of 
the useful technique of blind nasal intubation although it is mentioned. Some 
would not subscribe wholeheartedly to the view that the potency of halothane 
‘is comparable to that of chloroform although it appears to be without the latter’s 
disadvantages’. 

A few references are given at the end of each chapter and there is a rather 
sketchy index. Dr George Edwards contributes a short foreword. The printing 
and binding are excellent as are the illustrations reproduced on art paper. 
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a time for relaxation... 


A short time or a long time for muscular 
relaxation ? B.W. & Co. provide a product 
for each need : 


“ANECTINE injection of Succinyicholine Chloride 


The first choice for procedures requiring rapid muscular 
relaxation of brief duration. 


TU BAR E Preparations of Tubocurarine Chloride 


The most widely-used muscle relaxant ; unsurpassed for 
prolonged procedures, and where profound relaxation 
is required. 


B.W. & CO. Muscle Relaxants 
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xix 


~ 
j 
a 


ANZASTHESIA ADVERTISEMENT 


THE NEW 
POTENT 


ANALEPTIC 


(VANILLIC ACID DIETH YLAMIDE) 


... increases the frequency and 
depth of respiration in seconds 
MORE POTENT THAN OTHER ANALEPTICS anima! 


studies, ‘Vandid’ was found to be four times more effec- 
tive than leptazol and fifteen times more effective than 


nikethamide as a respiratory stimulant. 
(Wein Z. inn. Med., 19§2 1 : 16) 


MORE EFFECTIVE IN BARBITURATE 
OVERDOSAGE “... As respiratory stimulant 


bemegride has repeatedly failed ...In fact as a 
respiratory stimulant it would appear to be much less 
effective than the convulsant vanillic acid diethylamide’. 


VANDID IS SAFE... DOSAGE IS SIMPLE... 
Within the recommended dosage range (1-2 ml) toxic 


reactions are rarely seen. (Brit, med. J. 1959, 2 : 1332) 
BASIC N.H.S. PRICES 
ampoules (5% solution) 6x2ml..... 13/- 

6zsml..... 18/- 
‘Vandid’ is a trade mark 
RIKER LABORATORIES LIMITED 
Loughborough, Leicestershire 
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THE BARNET VENTILATOR 
ENTIRELY NEW - VERSATILE - PORTABLE 


Electronically time cycled. 
Inspiratory and expiratory times independently adjustable 
from .5 to 4.5 seconds. 
Electronic trigger actuated by suction of —| cm. H2O. 
Time lapse between patient demand and operation of 
inspiratory bellows 0.2 second. 
Continuously and independently variable positive and negative 
pressure controls. 
Pressure range —10 to + 45 cm. HO. 


Operation from built-in batteries for up to twenty hours. 
Batteries recharged by connection to mains electricity 
supply. 


Weight 56 Ib. 
For full details write to:- 


W. WATSON & SONS LTD. 


BARNET - HERTS 
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ADVERTISEMENT 


We serve the anaesthetist at 


A. CHARLES KING LIMITED 


HERE AT 27 DEVONSHIRE STREET, 
LONDON, is the recognised meeting 
place of anaesthetists from all over the 
world. The name A. Charles King carries 
world-wide authority in the field of 
anaesthetic apparatus;and our facilities 
are not limited only to those wishing to 
purchase apparatus. Visitors who re- 
quire technical information, advice or 
other services are equally welcome. 


OUR SERVICES INCLUDE 


* For modifications and inventions. We 
are prepared to make variations and 
modifications of standard equipment to 
meet individual requirements. 

*% For the Diploma and Fellowship in 
anaesthesia. Candidates are welcomed to 
the showrooms during the weeks pre- 
ceding the examinations when special 


1S 


demonstrations of apparatus take 
place. 

%* Repair service. We have an expert 
staff and fully equipped workshop to 
carry out repairs on anaesthetic equip- 
ment. 

* Tomorrow and yesterday. Not only is 
there on display a comprehensive selec- 
tion of modern apparatus and acces- 
sories, but also a range of early equip- 
ment having many interesting links 
with the past. 

*% Anaesthetic reference library. An up- 
to-date Library is housed in a reading 
room open to all visitors. 

* Facilities for authors and lecturers. 
We will gladly loan photographs, dia- 
grams, printing blocks and actual 
equipment. In some cases sectioned 
models, film strips and lantern slides 
can also be made available. 


STREET 


~ 
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I. 
Devonshire Street, London W.1 
Felepnone: WELbeck 2202 + 
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Association News 


We regret to announce the death on 3rd June of Dr Martin Clover in his eighty- 
ninth year. Dr Clover was the elder son of the famous British pioneer anesthetist, 
Dr Joseph Thomas Clover. 


We regret to record the death of Dr Beverley Leech of Regina, Saskatchewan, 
Canada, who was an Honorary Fellow of the Association. 


We congratulate Dr A. C. Forrester on his appointment as Reader in 
Anesthesia by the University of Glasgow. 


Prizes for research. The Association is pleased to offer to anesthetists three 
prizes annually, for papers based on research in anesthesia or related subjects 
(Ist, £100 : 2nd, £50 : 3rd, £25). 

Intending entrants can obtain particulars from the Secretariat of the 
Association. 


We have pleasure in announcing that Dr R. Bryce Smith has been appointed to 
Panel of Advisers to the Editorial Board of ‘Anesthesia’. 


In recent years it has been the custom for bars bearing the names of Past 
Presidents of the Association of Anesthetists of Great Britain and Ireland, to be 
attached to the ribbon of the Presidential Badge. At the end of his Presidency, 
Professor Gray drew attention to the fact that not all the Past Presidents were 
commemorated in this fashion. On further consideration, however, the Council 
felt that to add these names now, and to continue to add bars in the future, would 
make the Presidential Badge cumbersome both in appearance and for the wearer 
and it was decided to remove these bars altogether and to find some other means 
of honouring the Past Presidents. 
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ANESTHESIA 


Renowned for its 


reliability and consistent high 
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THER B 


quality. Supplied in containers 
especially designed for 

Detailed information is available 
on request. 


ease of handling. 
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A Chairman’s gavel of partridge wood with a silver band bearing the crest 
of the Association and a gavel stand of the same wood wit” an inlaid ivory band, 
bearing silver plates inscribed with the names of all Pasi Presidents and with 
ample room for names to be added in the future, was used by the President, 
Dr Jarman, for the first time at the meeting of the Council in March 1960 and 
will be used at all Association and Council meetings in future. 


University of Liverpool Department of Anesthesia in association with The 
Royal Liverpool Children’s Hospital and Alder Hey Children’s Hospital. 
A course in Pediatric Anesthesia for Consultants and Senior Registrars will be 
held from 7th-12th November inclusive. There will be lectures and discussions 
each day, and demonstrations will be given of all aspects of pediatric anesthesia, 
including that for cardiological investigation and surgery. In addition to the staff 
of the department and hospitals, Dr Robert Smith of Boston, U.S.A. and Dr 
Robert Cope of London, will be visiting lecturers. Applications, stating 
qualifications and present appointments should be sent to the Professor of 
Anesthesia, 48 Bedford Street North, Liverpool, 7. The number taking the 
course will be limited to fourteen and the closing date for applications will be 
20th July. The fee will be twelve guineas. 


Faculty News 


Election of Dean and Vice-Dean. At the last meeting of the Board of Faculty, 
Dr Geoffrey Organe was re-elected Dean of the Faculty for the coming year 
and Dr H. J. V. Morton was elected Vice-Dean. 


Dr Frankis Evans. The Faculty was pleased to learn of the election of Dr Frankis 
Evans, a past Dean of the Faculty, to the Fellowship of the Royal College of 
Surgeons of England. 


Election to the Fellowship in the Faculty. Under the provision for the election of 
five Fellows in the Faculty annually, the Council of the College, on the 
recommendation of the Board of Faculty, has made the following elections: 
Jacques Boureau (Paris), William George Cullen (Montreal), James Urquhart 
Forbes (Kuwait), Rudolf Frey (Mainz) and Mukteshwar Prasad (Patna). 


Examinerships. The following have been elected Examiners at the Primary and 
Final FFARCS examinations for the year 1960-1 : 


PRIMARY EXAMINATION 


ANATOMY Professor D. V. Davies 
Professor W. W. Mushin 
PHYSIOLOGY Professor E. A. Pask 
Professor W. R. Spurrell 
PHARMACOLOGY Professor T. C. Gray 
Professor C. A. Keele 
PATHOLOGY Professor G. J. Cunningham 
Professor H. A. Magnus 


| 
| 


344 ANASTHESIA 


FINAL EXAMINATION 


MEDICINE Dr W. E. Lloyd 


ANASTHETICS Professor R. F. Woolmer 
Dr C. Langton Hewer 
Dr John Gillies 
Dr H. J. Brennan 
Dr A. J. W. Beard 
Dr W. D. Wylie 
Dr A. H. Galley 
Dr A. I. Parry Brown 
Dr R. P. W. Shackleton 
Dr R. Bryce-Smith 


Bernard Johnson Memorial. The Faculty is planning to raise a sum of money to 
provide a permanent memorial to the late Mr Bernard Johnson, a former Dean 
of the Faculty and the person whose enthusiasm was the prime factor in the 
foundation of the Research Department of Anesthetics in the Royal College of 
Surgeons of England. It is proposed that the money raised shall be devoted to 
objects which will include the provision of a plaque to be placed in the Department 
of Anzsthetics and an endowment for the Faculty Adviser in Postgraduate 
Studies. The Dean of the Faculty will be pleased to receive donations to the 
Memorial Fund, which should be made payable to ‘The Faculty of Anzsthetists’. 


Courses. The next intensive course will be held in the College from 10th-2Ist 
October. In 1961 these courses will be held in April and October only. 

The three-day course of lectures for Consultants and Senior Hospital Medical 
Officers, which was introduced last year, is to be held again towards the end of 
this year. 


The Faculty of Anzsthetists of the Royal College of Surgeons in Ireland are holding 
an Inaugural Scientific Meeting with a symposium entitled ‘Levels of anzsthesia’ 
in the College, St Stephen’s Green, Dublin on Saturday 9th July 1960 at 10am. 

Programme : (1) Introductory remarks and historical survey : The Dean (Dr 
T.J.Gilmartin, MRCS, LRCP, FFARCS, [Royal College of Surgeons in Ireland]. 
(2) Classical assessment of the depth of anesthesia: Dr V.O. McCormick, MD, 
FRCPI, FFARCS, (Trinity College, Dublin). Morning coffee. (3) Changing 
concepts of the levels of anesthesia: Professor T.Cecil Gray, MD, FFARCS, 
(University of Liverpool). Lunch. (4) Neurological analysis of the stages of 
anzsthesia : Dr B.D. Wyke, mB, (Dept of Physiology, Royal College of Surgeons 
of England). Afternoon tea. (5) Pharmacological action of anesthetics in relation 
to clinical effect: Dr J.W.Dundee, MD, PhD, FFARCS, (Queen’s University of 
Belfast). (6) The place of antidotes in reversal of the anesthetic state : Professor 
D.M. Mitchell, mp, FRCP1, (Royal College of Surgeons in Ireland). 

Fee for meeting, including lunch and refreshments: £1 10s. Applications for 
tickets should be made to the Registrar, Royal College of Surgeons, St Stephen's 
Green, Dublin. 
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Commonwealth and Foreign News 


Professor T. C. Gray has been appointed to the Sir Arthur Sims Common- 
wealth Travelling Professorship in Anesthesia for 1961. Professor Gray will be 
travelling in Australia and New Zealand. 


During March the Society of Anssthetists of Hong Kong enjoyed a week’s visit 
from Dr Francis F. Foldes of Pittsburgh, U.S.A. During three successive days, 
Dr Foldes gave lectures on ‘The Medical Care of Surgical Patients’, ‘Factors that 
Influence the Action of Muscle Relaxants’, ‘Therapeutic and Diagnostic 
Procedures in Anzsthesia’ and ‘Studies on Human Cholinesterases’. 


Published by 


THE ASSOCIATION OF ANASTHETISTS OF GREAT BRITAIN & IRELAND 
47 LINCOLN’S INN FIELDS, LONDON WC2, ENGLAND 


Neither the Editor nor the Association is in any way responsible for the statements made 
or the views expressed by the contributors 
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ANZASTHESIA ADVERTISEMENT 


The best of the current literature in brief... 


Survey of-Anesthesiology 


Edited by C. Ronald Steven First published 1957 


A bi-monthly survey of worldwide literature relating to 
anesthesiology, in succinct condensations to which are 
appended pithy editorial comments. 

The logical solution to the doctor's dilemma of more 
and more literature and less and less time in which to 
read it. The fastest growing journal in the field. 

Adds breadth of coverage to the depth you are now 
getting from the standard journals. Subscribe today! 


Organized under the following headings 
Editorial Pharmacology Physiology Biochemistry 
Metabolism Techniques General anesthesia 
Spinal and regional anzesthesia Pediatric anzesthesia 
Geriatric anzesthesia Preoperative care 
Postoperative care Classical file 


Published bi-monthly, one volume a year, by 
THE WILLIAMS & WILKINS COMPANY 
Baltimore, Maryland, U.S.A 

Volume 3 current in 1959 


Available in the United Kingdom from 
Bailliére, Tindall & Cox, Ltd 
7 &8 Henrietta St., Covent Garden, London, WC 2 
Annual subscription £4: 6:0 postage paid 
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ADVERTISEMENT 


Journal of the International Anesthesia Research Society — Enlarged and Modernized 
© 50 to 80 poges of scientific material by © Color printing ond cortooms, for 


leoding onesthesiologists, 6 times @ yeor. easier readability. 
© A capsule review of ail scientific orticles © A review of new dregs and equipment. 
at a glance. © Office hints, material for your secretory, 


© Strictly Persencl—e colume of opinion written book reviews. 


by anesthesiologists for onesthesiologists, © Comprehensive biographies of the leaders in 
© News about people you know. anestirrsiology. 


© Biographies ond photographs of ail the © Letters ond opinions in the editor's 
euthors. special column. 


International Anesthesia Research Society and 
Anesthesia and Analgesia - - - Current Researches 


Membership Application and Subscription Blank 


A. William Friend, M.D., Executive Secretary 19. 
Wade Park Manor, Cleveland 6, Ohio, U.3.A. 


I enclose my check ( ) money order ( ) for $15.00. Enter my Membership 
for thé Society ( ) and Subscription to Journal ( ). 


Name. Degree. 
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ADVERTISEMENT 


The best of the current literature in brief... 


Survey of Anesthesiology 


Edited by C. Ronald Steven First published 1957 


A bi-monthly survey of worldwide literature relating to 
anesthesiology, in succinct condensations to which are 
appended pithy editorial comments. 

The logical solution to the doctor's dilemma of more 
and more literature and less and less time in which to 
read it. The fastest growing journal in the field. 

Adds breadth of coverage to the depth you are now 
getting from the standard journals. Subscribe today! 


Organized under the following headings 
Editorial Pharmacology Physiology Biochemistry 
Metabolism Techniques General anesthesia 
Spinal and regional anesthesia Pediatric anesthesia 
Geriatric anzesthesia Preoperative care 
Postoperative care Classical file 


Published bi-monthly, one volume a year, by 
THE WILLIAMS & WILKINS COMPANY 
Baltimore, Maryland, U.S.A 

Volume 3 current in 1959 


Available in the United Kingdom from 
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